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A MILESTONE PASSED 


With their adoption of a newly-per- 
fected Polaroid* unit to replace costly 
calcite prisms, these two Spencer Polar- 
izing Microscopes have passed a long- 
sought milestone in instrument design. 

In addition to making lower prices 
possible, the new units provide better 
contrast of image and crispness of in- 
terference figures. Comparing favorably 
with calcite in all other respects, they 
have won the approval of outstanding 
petrographers. 

Spencer Polarizing Microscope No. 42 


meets nearly, every requirement of the 
geologist, mineralogist, chemist, biolo- 
gist, and instructor. No. 43 is designed 
for teaching and advanced chemical mi- 
croscopy. Other models, equipped with 
calcite prisms, are available. 

For complete details, write to Dept. 
H107. 

American ^ Optical 

^ COMPANY 

Scientific Instrument Division 
Buffalo n» NewYbrk 


♦Product of the Polaroid Corporation. 
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Cetyl -Trimethyl -Ammonium Bromide 


Baker offers a quaternary ammonium 
salt, CTAB, which shows outstanding 
germicidal properties 



CTAB should find application wherever material is needed that possesses 
high germicidal activity, low toxicity to men and animals, and excellent, 
cleansing properties. Some of the uses indicated are: 

Medical Applications. As indicated above, CTAB can be used as a sur- 
gical antiseptic, for wound irrigation, for disinfecting bath tubs, basins, 
etc., in nurseries, in supply rooms, and in many, similar applications. 

Proprietary Applications. CTAB has possible applications in the formation 
of dentrifices, mouth washes, shampoos, and cosmetic creams and lotions. 

Agricultural Applications. CTAB might find widespread use in dairies and 
in canneries for cleansing and sterilization. It should also find application 
in veterinary medicine. 


Industrial Applications. CTAB should prove valuable in food processing 
industries. It should be effective in preventing slime formation in the 
pulp and paper industry. It could be used in laundries to sanitize linens. 
It should also prove useful in sanitizing dishes and glassware in public 
eating places. _ 

^ ^ PROPERTIES 


CTAB is a white crystalline salt. It decomposes on heating above 235°— 
240 °C. It has a somewhat astringent and slightly bitter taste. It is quite 
soluble in alcohol and chloroform, moderately soluble in ethylene glycol, 
and slightly soluble in acetone. 

BULLETIN 

If you are interested in CTAB and wish a bulletin outlining its various 
properties and uses as indicated by scientific experiments, write the J. T. 
Baker Chemical Co., Phillipsburg, New Jersey. 
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A MICROSCOPE FOR EACH EYE 


Spencer Stereoscopic Microscopes 
provide a complete microscope op- 
tical system for each eye, thereby 
creating vivid depth perception. 
They are noted for large field . . . 
brilliant resolution . . . great depth 
of focus. Magnifications range from 


6x to 144x. For descriptive litera- 
ture on Spencer Stereoscopic Mi- 
croscopes tvtite Dept. M107. 

American ^ Optical 

COMPANY 

Scientific Instrument Division 

Buffalo 1$, New York 
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Pharmacological and Toxicological Studies 
on Salicylamide* 


By C. T. ICHNIOWSKI and W. C. HUEPER 

The acute and chronic toxicitfes, pharmacologic and hematologic effects of salicyl- 
amide have been studied. Aspirin served as a comparative control. Salicylamide 
exerts a moderately quicker and deeper depressing effect than aspirin. Oral -daily 
feeding of one-fourth the single lethal dose for a period of thirteen weeks did not 
induce any untoward symptomatic and anatomic reactions. Data presented suggest 
that salicylamide appears to differ in its metabolization from other salicylic com- 
pounds. The oral lethal dose of salicylamide in rats equals that of aspirin. 


Calicylamide is a salicylic acid derivative 
^ known for approximately fifty years 
but apparently rarely used as a medicinal 
agent. Wliile salicylic acid and its deriva- 
tive, aspirin, are well known for their anti- 
pyretic, antirheumatic, and analgesic action, 
the scanty experimental data available on 
the pharmacologic effects of salicylamide 
emphasize its narcotic activity. 

Meyer (1) stated that, on tadpoles, salicyl- 
amide is more efiScient as a narcotic at 3° 
than at 30°. At both these temperatures 
salicylamide has a higher “narcotic rating” 
because of its respective partition coefficients 
(oil-water) thaln ethyl alcohol, chloral hy- 
drate, acetone, and benzoic amide. Collett 
(2) using salicylamide on lower zoological 

* Received March 27, 194C, from the Warner Institute for 
Therapeutic Research, New York, N. Y. 


forms {Loligo, Gonionemus, Perphora) found 
that the lipoid theory of narcosis held .at 
weak dilutions, but was complicated by 
other factors when stronger solutions were 
employed. Kitano (3) reported progressive 
narcotic activity with increasing tempera- 
tures (up to 39°), when a 1:500 salicylamide 
solution was tested on the isolated extensor 
communis muscle of rabbits. Anselmino 
(4), when investigating the changes in the 
electromotive activity of collodion mem- 
branes by narcotics, observed that variations 
in potential resulted from the use of salicyd- 
amide and compounds of tlie urethane series. 

Because of tlie possibility that salicyl- 
amide might combine the antipyretic and 
analgesic properties of the ordinary salicylic 
compounds with narcotic ones, it was de- 
cided to study its effects upon warm-blooded 
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animals. Aspirin was used as a comparative 
control for the experiments. 

EXPERIMENTAL 

Salicylamide or o-hydroxybenzamide is a prac- 
tically tasteless, yellowish white, crystalline powder 
that is somewhat more soluble in water than salicylic 
acid, and which has a melting point at 138 °. As it 
contains an amide group replacing a — OH group in 
the carboxylic chain, it shonld be less irritating than 
either free salicylic acid or sodium salicylate, as 
the amide group is not likely to split off as readily 
in the gastric secretion as sodium from sodium 
salicylate. 

Since salicylamide is relatively insoluble in highly 
aqueous media, several experiments were carried out 
in order to devise a solvent capable of dissolving sali- 


tained. However, preliminary experiments with 
this menstruum indicated that the doses of the men- 
struum necessary for the administration of ade- 
quate amounts of salicylamide would complicate 
the analysis and interpretation of the narcotic and 
analgesic action possibly exerted by the drug and in 
themselves would be irritating because of the hy- 
groscopic nature of these solvents. 

Salicylamide solutions prepared by making alkali 
combinations of the amide in a watery medium using 
sodium carbonate or triethanolamine left much to be 
desired, since these solutions turned yellow or yel- 
low-red within an hour and formed a precipitate at 
times. These changes indicated that decomposition 
had occurred, making the solutions unsuitable for 
experimental purposes. 

The preparation finally adopted consisted of a 
suspension of salicylamide in a 0.5% solution of gum 


Tabi.e I.— Toxicii'V OF Salicylamide After Oral Administration 


Rat 

Dose, 

24.Hr. 

4-Day 


Group 

Me./Ke. 

Toxicity Toxicity 

Comments® 

1 

400 

0/5 

0/5 

Throughout the day of the administration all were responsive and active. 
On the days following administration the animals behaved normally 

2 

GOO 

0/5 

0/5 

Appi oximately one hour after administration the group was depressed 
and showed hind leg incoordination. Recovery was noted three hours 
after administration. On successive days the animals behaved normally 

) 

800 

0/5 

0/5 

Two of the animals were heavily depressed and gave no response to tail 
pinches. The other three acted normally. Five hours after adminis- 
tration the whole group was normal and behaved normally on the 
succeeding days 

4 

1000 

0/5 

0/5 

Similar to Group 3, but depression lasted until end of work day. Recov- 
ery was complete on the following morning. Thereafter the animals 
were normal in activity and response 

5 

IGOO 

0/5 

0/5 

Four of the rats showed heavy depression and the remaining one a mild 
depression approximately one hour post-administration. Response to 
tail pinch was negative. Recovery ensued following morning. There- 
after the rats acted normally 

(i 

2000 

1/5 

1/5 

One rat died within two hours post-administration. The remaining 4 were 
heavily depressed and yielded no response to tail pinch. The effect 
lasted during work day. Recovery noted by next morning and animals 
behaved norma ly thereafter 


° The depression did not appear to be a narcosis-likc symj»tom. 


Table II. — Toxicity of Aspirin after Oral Administration 


No. of 
Group Rats in 

Dose, 

24-Hr. 

4-Day 

• 

No. 

Group 

Mg./Kg. 

Toxicity 

Toxicity 

Comments 

1 

5 

400 

0/5 

0/5 

All the surviving animals were in good condition barring a 

2 

5 

600 

0/5 

0/5 

temporary distress in the heavier dosed groups, shortly after 
administration. Recovery was rapid; within thirty minutes. 
The animals thereafter and until end of observation period of 
four days acted normally 

3 

5 

800 

1/5 

1/5 


4 

15 

1000 

1/15 

2/15 


5 

10 

IGOO 

1/10 

1/10 


G 

10 

2000 

0/10 

0/10 



cylamide to a much greater degree than water. 
Negative results were obtained with a 20% aque- 
ous solutionTif propylene glycol and a 20% aqueous 
solution of propylene glycol plus a 20% aqueous 
solution of ethanol. In a menstruum containing 4 
parts of propylene glycol and 1 part of ethanol, as 
much as a 10% solution of salicylamide could be ob- 


tragacanth, which was administered orally and intra- 
peritoncally to rats. Aspirin was given in the same 
manner. 

A. Acute Toxicity: Oral Administration. — In a 
preliminary experiment 12 groups of rats, containing 
5 animals each, were given doses of 0.4 to 2.0 
Gm./Kg. of the two drugs. The salicylamide as 
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well as the aspirin was administered as a 20% sus- 
pension in tragacanth solution by means of a hypo- 
dermic syringe with a blunted needle. Six groups 
were employed for the testing of each drug. The re- 
sults obtained are tabulated in Tables I and II. 

After the approximate lethal dose of salicylamide 
had been thus ascertained, 3 groups of 15 rats each 
were tested with dose levels of 0.5, 1.0, and 2.0 
Gm./Kg. of salicylamide and aspirin, respec- 
tively, given as a 20% suspension in 0.5% traga- 
canth solution. The results obtained are presented 
in Tables III and IV. 


The autopsies of the rats which were treated with 
cither drug and which died during the period of 
observation exhibited congestion and hemorrhages 
of the lungs and hyperemia of the meninges. All 
other organs were grossly normal. 

B. Chronic Toxicity: Oral Administration. — 
Five groups of 20 rats each (10 males and 10 females) 
weighing between 100 and 130 Gm. were placed on 
chronic salicylamide and aspirin medication, re- 
spectively. The dose levels of the two drugs given 
were 5, 25, 50, 100, and 200 mg./Kg., five times per 
week, for thirteen weeks, with a total of 67 doses. 


Table III. — Lethal Oral Dose of Salicylamide in Rats 


Group 

Rat 

Dose, 

24-Hr. 

1-Wk. 


No. 

No. 

Mg./Kg. 

Toxicity 

Toxicity 

Comments 

1 

1-15 

500 

0/15 

0/15 

Rats showed no evidence of narcosis or depression ; they re- 
sponded normally for several hours after administration 
and reacted normally for remainder of observation period 

2 

16-30 

1000 

0/15 

0/15 

Rats behaved and reacted like those in Group 1 

3 

31-45 

2000 

9/15 

9/15 

Seven died within one hour after administration; seven went 
into a heavy depression, while the remaining ones of the 
group reacted and responded normally. Two more rats 
died overnight after the administration, giving a 60% 
mortality in twenty-four hours 


Table IV. — Lethal Oral Dose of Aspirin in Rats 


Group 

Rat 

Dose. 

24-Hr. 

1-Wk. 

No. 

No. 

Mg./Kg. 

Toxicity 

Toxicity 

1 

40-60 

500 

0/15 

2/15 

2 

61-75 

1000 

5/15 

9/15 

3 

76-90 

2000 

8/15 

12/15 


Comments 

Animals were in good condition after administration and 
showed no symptoms of depression. For the period of 
observation the animals reacted normally 
No depression for several hours. Deaths overnight 
No depression for several hours. Deaths overnight 


The autopsies performed on the rats of both 
groups which died during the first week after the 
administration of the drugs revealed in all animals 
congestion and edema of the lungs, which findings 
in some cases were associated with local hemor- 
rhages, and hyperemia of the liver. All other 
organs were grossly normal. The approximate 
LD for both drugs is thus in the neighborhood 
of 2 Gm./Kg. Salicylamide appears to cause a 
distinct depression more quickly than aspirin, which 
in turn seems to be somewhat more toxic than 
salicylamide. 

Intraperitoneal Administration. — Since the de- 
pression noted in the oral salicylamide groups did 
not appear like a narcosis, it was decided to repeat 
the administration of salicylamide and aspirin by 
the intraperitoneal route. A 10% suspension of 
these drugs in a 0.5% solution of gum tragacanth 
was injected into four groups of rats, of 10 animals 
each, at four dose levels ranging from 0.25 to 1.5 
Gm./Kg. Tables V and VI show the results of this 
study. 

It is obvious from these data that aspirin intra- 
peritoneally given is more toxic than salicylamide, 
despite tlie fact that the latter drug elicits a more 
rapid and a deeper depression than the former. 
Throughout the observation period tlierc was no 
evidence of a narcotic action of salicylamide, even 
when given in doses of 1000 mg./Kg. 


The amounts administered correspond to approxi- 
mately 1, 5, 10, 20, and 40 times the average human 
adult dose. The total quantity of salicylamide 
given to an individual rat ranged between 70 mg. and 
13,400 mg., while that of aspirin varied from 75 mg. 
to 13,800 mg. The volume administered per 
gram of rat was either 0.01 cc. or 0.02 cc. The 
medicaments were suspended with the aid of a 0.5 
per cent tragacanth solution and given with a 
syringe. 

All animals dying during the course of the experi- 
ments or sacrificed afterward were subjected to a 
post-mortem examination. Some of the surviving 
rats were sacrificed at the end of the experimental 
period for hematologic studies, while others were 
sacrificed by the intravenous injection of a 4% 
formaldehyde solution three to seven weeks after 
the cessation of medication. A histologic examina- 
tion of the internal organs was made of 46 rats which 
received salicylamide and of 44 rats given aspirin. 
The hematologic examination consisted of the dc- 
tennination of the prothrombin time, coagulation 
time, amount of hemoglobin, counts of the leucocytes 
and erythroc>'tcs, and of differential counts when- 
ever an abnormal number of leucocytes was found.„._ 
The blood for these tests was obtained from ' 
jugular vein. The weight of the rats was ’ 
mined weekly tor eighteen to twenty weeks. 

Deaths occurred during the course of the 
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ment to about an equal degree in all groups and 
thus at all dose levels with both drugs. Inasmuch 
as in all these cases the autopsy showed hyperemic 
and hemorrhagic lungs and a seropurulent pleurisy 
and pericarditis, it is likely that these fatalities are 
not attributable to any toxic action of the chemicals 
given, but to technical accidents connected with 
their administration, either represented by a direct 
injection of the suspension into the lungs or by a 
secondary regurgitation of the injected matter into 
these organs. This conclusion is supported by the 
fact that all rats treated with either drug and killed 
at tlie end of the experimental period did not exhibit 
any significant abnormal changes upon gross and 
microscopical examination of their internal organs. 
Neither salicylamide nor aspirin in the doses given 
thus seemed to have exerted any anatomically 
demonstrable toxic toxic or lethal effect. 


time of the cessation of treatment with salicylamide 
ranged from 200 to 310 Gm., and fluctuated between 
240 and 370 Gm., four weeks later, while the corre- 
sponding figures for the female rats were 160 to 
205 Gm., and 180 to 235 Gm., respectively. In the 
male aspirin rats the weights ranged from 250 to 
320 Gm., at the cessation of treatment and from 
270 to 350 Gm., four weeks later, whereas the corre- 
sponding figures for the female rats stood at 180 
to 215 Gm., and at 185 to 240 Gm., respectively. 
It is uncertain whether these differences in the 
weight curves of the two sexes are merely sex con- 
ditioned or represent differences in reaction of the 
two sexes to a toxic action of the two salicylic com- 
pounds. 

The hematologic studies showed that the pro- 
thrombin times of the 19 rats of the salicylamide 
series were within normal limits (average from 29.26 


Table V. — Intraperitoneal Toxicity of Salicylamide 


Group 

Rat 

Dose, 

24-Hr. 

1-Wk. 

No. 

No. 

Mg./Kg. 

Toxicity 

Toxicity 

1 

1-10 

250 

0/10 

1/10 

2 

11-20 

500 

2/10 

2/10 

3 

21-30 

1000 

9/10 

9/10 

4 

31-10 

1500 

10/10 



Comments 

All rats were heavily depressed fifteen minutes after ad- 
ministration. Within two hours all 10 rats had.recovered. 
The animals continued in good condition one week after 
administration 

All were readily depressed in fifteen minutes after adminis- 
tration. Five hours after administration the 8 survivors 
had recovered and continued in good condition for one 
week. Two died within two hours after administration. 
During period of depression the rats exhibited a hind leg 
paralysis 

All in the group reacted very readily, going into a heavy 
depression and coma-like condition. Nine of the rats 
died; 7 within thirty minutes after administration and the 
other 2 died within one and one-half hours after adminis- 
tration. The one survivor recovered from the depression 
within five hours after receiving the drug. This survivor 
continued in good condition for the remainder of the ob- 
servation period of one week 

All 10 rats went into a heavy depression almost immediately. 
Seven died ten minutes after administration and the other 
three within one hour later 


Table VI. — Intraperitoneal Toxicity of Aspirin 


Group 

Rat 

Dose. 

24-Hr. 

1-Wt, 


No. 

No. 

Mg./Kg. 

Toxicity 

Toxicity 

Comments 

1 

1-10 

250 

0/10 

0/10 

No acute symptoms discernible; all were in good condition 
and remained thus for one week 

2 

11-20 

500 

4/10 

9/10 

Slight depression set in within two hours after administra- 
tion; complete recovery three hours later. Survivors 
after twenty-four hours were in good condition. Four 
deaths within twenty-four hours; 3 more died during 
third day; one additional rat died on fourth day, and the 
ninth rat died on seventh day 

3 

21-30 

1000 

10/10 

10/10 

All ten died within two hours after administration 

4 

31-40 

1500 

10/10 

10/10 

All ten died within three hours after administration 


The weights of the rats of both series and of all 
dose levels increased steadily during the course of 
treatment to about an equal degree with the e.\cep- 
tion that the female rats gained weight less rapidly 
than the male and, particularly, did not show the 
very rapid elevation of weight after the discontinua- 
tion of medication, which was seen in the male rats 
of both series. The weights of the male rats at the 


seconds to 36.55 seconds) after sixteen weeks of 
medication. The coagulation times were relatively 
high in many instances with the averages of the dif- 
ferent groups fluctuating between five and seven 
minutes. The erythrocytic and hemoglobin values 
were at the lower border of the normal range. The 
number of leucotytes, on the other hand, ranged in 
three animals between 300 and 5300 and was above 
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10,000 in only 2 other animals. The differential 
counts did not reveal any consistent differences be- 
tween the rats with a normal number of leucocytes 
and those with a leukopenic reaction. 

The prothrombin times of the aspirin rats ranged 
from averages of 15.8 seconds to those of 33.1 sec- 
onds without showing any relation to the dose levels. 
The coagulation times fluctuated between averages 
of four minutes and two seconds, and six minutes 
and thirty-one seconds. The erythrocyte and hemo- 
globin values were well within the normal range and 
in some rats were even slightly above the normal 
limit. The number of leucocytes varied between 
7000 and 17,600 and was in most rats above 10,000. 
The differential counts exhibited normal variations. 

In view of the leukopenic reactions observed in a 
few rats of the salicylamide series, a second chronic 
experiment was initiated under carefully controlled 
conditions for the purpose of studying more thor- 
oughly the hematic reactions of rats exposed to 
salicylamide over long periods of time. Again both 
salicylamide and aspirin groups were used. The 
individual groups contained 10 rats (5 males, 5 fe- 
males). Three dose levels, 5, 50, and 200 mg./Kg., 
given five times weekly, were used. 

The medicaments, as in the previous experiment, 
were given in 0.5% tragacanth suspension. Blood 
samples were obtained from the jugular veins of the 
animals which were kept under light ether anesthesia 
during the sampling process. A sampling schedule 
was so arranged that the blood specimens were 
obtained bi-weekly from both the aspirin and salicyl- 
amide rats. The females and males were so alter- 
nated that the bi-weekly specimens of blood were 
obtained and any given rat was not used for sampling 
but once every four weeks. A 1-cc. sample of blood 
was obtained from each rat for purposes of the rou- 
tine hematologic studies which included red and 
white cell counts, hemoglobin determinations, dif- 
ferential counts, and prothrombin time. A control 
blood specimen was obtained for analysis from each 
rat prior to medication. The medication course 
lasted for thirteen weeks, during which period the 
rats surviving had received 67 doses. The total 
amounts received by the survivors of the three 
groups on each medication of 5 rag., SO mg., and 200 
mg./Kg., per day were 335 mg., 3350 mg., and 
13,400 mg., per Kg., respectively. Representative 
numbers of each group were sacrified after the 
medication course for gross pathologic examination. 

An appreciable number of rats died during the 
course of the experiment as the result of technical 
accidents. Several animals in the aspirin scries re- 
ceiving 200 mg./Kg. developed "cauliflower ears” 
during the latter part of the experiment which were 
transformed into large blisters of pink to bluish red 
color and up to a small navy bean size. In several 
instances these blisters receded after some time and 
the affected ears became distorted by cicatrization. 

The hematological data of both scries did not re- 
veal any significant changes from the normal range 
witli the exception that again the rats of the salicyl- 


amide group had low normal values as to hemoglobin 
and erythrocytes, while the animals in the aspirin 
group revealed higher figures in these respects. 
There were no leukopenic reactions among the ani- 
mals treated with salicylamide. The prothrombin 
times fluctuated considerably during the course of 
the experiment among the rats of both series, but 
there was no progressive or consistent trend toward 
a hypoprothrombineraia. 

The post-mortem examination of the rats which 
died during the course of the experiment showed 
congested and hemorrhagic lungs and meninges 
and, often, seropurulent fluid in the thoracic cavi- 
ties. The histological examination of the organs 
of the rats sacrificed at the end of the experiment 
revealed no abnormalities. The "cauliflower ears” 
exhibited a large central cavity filled tvith plasma 
and erythrocytes and lined by endothelial cells. 
The overlying epidermis was hyperplastic, while the 
cartilaginous plate which formed a part of the cystic 
wall in some instances showed signs of liquefaction 
necrosis. The surrounding tissue contained dis- 
tended veins and capillaries and hemorrhages. 
Regressed lesions consisted of an inflammatory 
granulation tissue with necroses. 

C. Hypoprothrombinemia Study. — In view of the 
fact that claims have been made that a chronic and 
excessive use of aspirin or other salicylates may lead 
to the development of a hypoprothrombinemia, it 
became pertinent to determine whether or not 
salicylamide exhibits this influence and to the same 
degree as aspirin. Two groups of 25 rats each were 
therefore placed on a vitamin K deficient diet 
(casein 18 parts, yeast 8 parts, salts 4 parts. Wesson 
oil 5 parts, cod-liver oil 2 parts, cerelose 63 parts) 
for a period of ten days. The rats of one group re- 
ceived then, in about 5 Gm. of a mixture of cooked 
cornstarch containing 2% cotton seed oil, 100 mg. of 
aspirin daily. The second group of 25 rats was 
fed, in the same mixture, 100 mg. of salicylamide. 
The prothrombin time was determined before the 
start of these dietary managements and after six, 
twelve, and eighteen days thereafter. The blood 
was rvithdrawn from the jugular vein. 

The average prothombin time of the salicylamide 
rats was 26 seconds before the start of the treatment 
and stood at 59 seconds at the end of the experi- 
mental period. The corresponding figures for the 
aspirin rats were 25.3 seconds and 53.4 seconds, re- 
spectively. There is thus no fundamental difference • 
in the hypoprothrombinemic action of the two 
salicylic compounds. 

D. Chemical Determination of Salicylamide. — 
Some preliminary work was carried out on the quan- 
titative determination of salicylamide in blood for 
the purpose of being able to follow blood levels and 
the persistence of the drug in this medium. The 
colorimetric method of Brodie, Udenfried and 
Cobum (5) was applied involving the use of ethylene 
dichloride for the extraction of the "salicyl” prepara- 
tion from the blood. 

While the method worked well with sodium sal- 
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icylate and aspirin, doses up to 300 mg./Kg. of 
salicylamide given orally to dogs failed to give a 
positive reaction in the blood. The same negative 
result was obtained when other organic solvents 
(chloroform, benzol, carbon tetrachloride), possess- 
ing a different partition coefficient, were tried. 
Despite the fact that salicylamide contains a phe- 
nolic hydroxyl complex in its molecule like the other 
two salicylates, it differs in this respect from the 
ordinary salicylic acid compounds. 

DISCUSSION 

The various experiments showed that 
salicylamide has a stronger depressive action 
than aspirin, but does not elicit a state of 
narcosis as claimed on the basis of results 
obtained in in vitro experiments and in stud- 
ies on isolated tissues. The oral lethal dose 
of salicylamide and aspirin for rats is in the 
neighborhood of 2000 mg./Kg., while the 
intraperitoneal lethal dose lies around 1000 
mg./Kg. The lethal effect is associated 
with circulatory disturbances causing a con- 
gestion and hemorrhages of the lungs and 
meninges. 

The prolonged, repeated oral administra- 
tion of large doses of salicylamide and 
aspirin did not cause in rats any ulcerative 
lesions of the gastric mucosa, such as those 
reported by Barbour and Dickerson (6). 
Such reactions were seen regularly, on the 
other hand, in rabbits and dogs receiving 
daily by mouth 0.7 Gm./Kg. of aspirin for 
fom to eighteen days, confirming thereby 
observations of Thompson and Dragstedt 
(7), and Barbour and Porter (8), made in 
dogs. Madisson (9) attributed this efffect of 
salicylates to a phenol-like action of these 
chemicals upon mucous membranes. 

The hematic studies indicate that salicyl- 
amide exerts approximately the same hypo- 
prothrombinemic effect as aspirin when 
given to rats kept on a low vitamin K diet. 
No sueh action was observed when these ani- 
mals received stock diet. The presently 
available data do not permit a definite deci- 
sion of the question as to whether or not 
salicjdamide sometimes may produce a 


leukopenic reaction. The probability of the 
actual occurrence of such reactions, however, 
appears to be remote, if salicylamide reacts in 
this respect like other salicylic compounds 
which rarely or never exert such a response 
[Hawkinson and Kerr (10)] . 

The absence of any other significant un- 
toward effect upon the blood and internal 
organs when salicylamide is given orally to 
rats in large doses over long periods of time 
placed this chemical alongside aspirin, which 
was shown to be equally harmless under 
similar experimental conditions [Robinson, 
Ellis, and Warner (11)]. The outcome of 
the chemical tests performed on the blood 
of dogs which had ingested appreciable 
amounts of salicylamide indicate, on the 
other hand, that this drug differs funda- 
mentally in its in vivo reactivity from that of 
other salicylates. 

CONCLUSIONS 

1. Salicylamide exerts a moderately 
quicker and deeper depressing effect than 
aspirin. 

2. The oral lethal dose of salicylamide in 
rats equals that of aspirin (2000 mg./Kg.). 

3. Rats given one-fourth of the single 
lethal dose (SLD^o) daily for thirteen 
weeks do not exhibit any untoward sympto- 
matic and anatomic reactions. 

4. Salicylamide seems to differ in its 
metabolization from other salicylic com- 
pounds. 
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The Anesthetic Effects and Toxicities of Some New 
Barbituric .Acid Derivatives Administered to 
Mice and Rats. I* 

1 

By WILLIAM H. HUNT,t RUSSEL J. FOSBINDER, and O. W. BARLOW 

Extensive data are reported on the time of onset of hypnosis, duration of action, and 
the toxicity to mice and rats for approximately 150 new 5,5-disubstituted barbituric 
and thiobarbituric acids. In general, the data indicate that the duration of hypnotic 
effect of the new compounds decreased as the molecular weight increased, and the 
barbiturates containing a sulfur-interrupted carbon chain in one of the substituent 
groups were more active than those not containing sulfur. 


A SERIES of approximately 150 new 5,5- 
disubstituted barbituric and thib- 
barbituric acids, containing a sulfur inter- 
rupted carbon chain in one of tlie substituent 
groups, were prepared in the laboratories of 
one of us for the purpose of pharmacological 
examination. Walter, Goodson, and Fos- 
binder (1), in a series of papers published 
elsewhere, have described the methods of 
preparation of the new compounds and the 
appropriate intermediates. 

All of the compounds prepared by Walter, 
el al., have been examined experimentally 
by administration of the sodium salts to one 
or more species of animal. The data pre- 
sented in this paper are confined to observa- 
tions on the rat and the mouse and include 
information relative to the onset of hypno- 
sis, the duration of effect as determined by 
various criteria, and the acute toxicity fol- 
lowing intravenous injection in the rat and 
intraperitoneal injection in the mouse. 
Several of the new derivatives have been 
administered orally to rats in lethal and sub- 
lethal doses and the tolerance of this species 
of animal to repeated doses was determined. 

EXPERIMENTAL 

Duration of Effect and Toxicity — ^Rat. — Solutions 
of tlic sodium salts of the barbituric and thiobarbi- 
turic acids listed in Tables I, II, III, and IV, re- 
spectively, were injected in graded doses into the 
saphenous vein of male, albino adult rats weighing 
between 100 and 225 Gm. The volume of the dose 
administered was kept approximately constant by 
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adjusting the concentration between 1 and 6%. In 
every instance a total of 0.1 cc. of solution was in- 
jected in an interval of fifteen seconds. Adult male 
rats were used throughout the experiments as other 
investigators (2, 3) have shown that inconsistent 
results are obtained with immature animals and that 
female rats exhibit a more prolonged hypnosis as 
compared to males. 

The onset of hypnosis and the duration of various 
stages of anesthesia were determined by observing 
the abolition and reappearance of refle.xes as de- 
scribed below: 

Righting Reflex — the period during which the ani- 
mal failed to right itself when placed on its side. 

Comeal Refie-x — response to the application of the 
blunt end of a feather applied to the cornea. 

Ear Refle.x — response to the application of the 
tip of a, feather to the inner surface of the ear. 

Tail Reflex — response to immersion of the tail in 
water at 58-50° for five seconds. 

Although the period of loss of righting reflex ended 
when the animals were able to right themselves, the 
total period of barbiturate effect was often much 
longer as indicated by continued depression. In 
the determination of the mean hypnotic dose 
{MHDia) the abolition of the ear reflex rather than 
of the righting reflex was employed as a criterion 
because a more consistent response was observed. 
All animals given sublethal doses of the compounds 
were used only after a seven-day rest period to per- 
mit full recovery from the effects of medication. 
In this study Pentobarbital Sodium, Evipal Sodium, 
and Pentothal Sodium were used as reference com- 
pounds. 

It wall be seen from Tables I, II, III, and W that 
when injected intravenously the new compounds in- 
duced characteristic hypnotic effects in common with 
the reference barbiturates. As is to be expected in 
an extensive series of derivatives, wherein freedom 
of substitution is substantial, 5yidc variations in 
duration of effect, activity, and toxicity were ob- 
tained. Inasmucli as data on only one species of 
animal are being reported here, generalizations con- 
cerning tlic relationship of structure to phanna^ 
cologic action will be reserved for a later publica ' 
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Table V shows the results obtained with a selected 
group of compounds administered orally to rats in 
hypnotic and lethal doses. Male adult rats weigh- 
ing between 175 and 300 Gm. were fasted for eighteen 
hours and graded doses of the sodium salts were then 
given by stomach tube. In the lower dosage range 
5% solutions were eniployed, while the concentra- 


tion was increased to 10% in the lethal range in 
order to restrict the volume. Five or 10 animals 
were used at each dosage level and the LD^ was 
estimated by the application of Karber’s method (4). 

The formulas of the new compounds referred to 
by numbers in Tables I, II, III, IV and V are the 
following: 
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Table I. — Effects of Intravenous Injections in White Rats of Various Substituted Barbituric 
Acid Derivatives as Hypnotics and the Observed Toxicity 







Duration of Loss of Various Reflexes, 




No. of 



Min. 




Compound I 

Ani- 

Dose, 

Down After 






R 

Ri 

mals 

Mb./Kb. 

Injection, Mm. Righting 

Comeal 

Ear 

Tail 

Killed 

Butyl 

Ethyl 

5 

80 

Immediate 

67 

+ 

8 

+ 

O.'t" 

Aliyl 

Ethyl 

6 

40 

Immediate 

24 

+ 

+ 

+ 

0/6 



6 

60 

0.7 

72 

+ 

.22 

+ 

0/6* 



6 

80 

1 

93 

32 

28 

18 

0/6 



6 

100 

Immediate 

125 

39 

104 

31 

0/6* 



6 

120 

0.9 

133 

20 

62 

37 

2/6 

Isoamyl 

Ethyl 

9 

40 

Immediate 

8 

+ 

+ 

+ 

0/9 



12 

60 

Immediate 

12 

+ 

+ 

+ 

0/12' 



12 

80 

Immediate 

25 

+ 

4" 

+ 

0/12' 



6 

100 

Immediate 

30 

+ 

2 

+ 

0/6« 



12 

120 

Immediate 

42 

2 

8 

2 

5/12 



6 

140 

Immediate 

75 

15 

16 

10 

5/6 

Isopropyl 

Ethyl 

6 

60 

Immediate 

98 

10 

37 

+ 

0/6 



6 

80 

Immediate 

109 

21 

59 

+ 

0/6 



6 

100 

Immediate 

165 

79 

109 

46 

2/6 



6 

120 

Immediate 

170 

67 

116 

70 

1/6 



6 

140 

Immediate 

188 

117 

133 

111 

3/6 

Isobutyl 

Ethyl 

6 

20 

Immediate 

7 

+ 

+ 

+ 

0/6 



0 

40 

Immediate 

25 

+ 

+ 

+ 

0/6 



6 

60 

Immediate 

55 

3 

9 

3 

0/0 



6 

80 

Immediate 

52 

10 

23 

10 

0/6 



6 

100 

Immediate 

146 

82 

93 

69 

1/6 



6 

120 

Immediate 

95 

32 

41 

30 

0/6 



6 

140 

Immediate 

102 

87 

124 

84 

3/6 

Secondary Butyl 

Ethyl 

6 

20 

Immediate 

12 

+ 

+ 

+ 

0/6 



6 

30- 

0.5 

37 

+ 

+ 

+ 

0/6 



12 

40 

Immediate 

30 

+ 

+ 

+ 

0/6 



12 

60 

Immediate 

50 

+ 

9 

4* 

0/6 



12 

80 ■ 

Immediate 

82 

26 

41 

37 

1/6 



12 

100 

Immediate 

140 

68 

75 

83 

1/6 



0 

120 

Immediate 

263 

133 

175 

173 

2/6 



6 

140 

Immediate 

276 

105 

175 

194 

1/6 



6 

160 

Immediate 

272 

175 

175 

159 

2/6 

l-Methylbutyl 

Ethyl 

6 

20 

1 

7 

+ 

+ 

+ 

0/6 



6 

40 

Immediate 

25 

+ 

3 

+ 

0/6 



7 

60 

Immediate 

62 

9 

29 

+ 

0/7 



6 

• 80 

Immediate 

67 

29 

40 

13 

0/6 



G 

100 

Immediate 

99 

51 

70 

36 

0/6 



6 

120 

Immediate 

121 

57 

74 

67 

3/6 



G 

140 

Immediate 

139 

71 

85 

69 

5/6 

Isobutyl 

Methyl 

6 

60 

Immediate 

44 

+ 

+ 

+ 

0/6 



6 

80 

Immediate 

80 

26 

40 

4" 

0/6 



12 

100 

Immediate 

121 

62 

87 

26 

0/12 



12 

120 

Immediate 

141 

66 

81 

48 

0/12 



12 

140 

Immediate 

229 

138 

152 

128 

2/12 



18 

160 

Immediate 

144 

89 

105 

75 

2/18 



6 

170 

Immediate 

95 

45 

65 

41 

1/6 



12 

180 

Immediate 

149 

89 

96 

75 

8/12 

Secondary Butyl 

Butyl 

0 

20 

Immediate 

13 

1 

4 

+ 

0/6 



6 

30 

Immediate 

16 

+ 

7 

+ 

0/6 



0 

40 

Immediate 

23 

5 

14 

4 

0/6 



G 

50 

Immediate 

29 

7 

19 

11 

0/6 



G 

60 

Immediate 

35 

14 

17 

14 

0/6 



G 

70 

Immediate 

51 

12 

24 

16 

0/6 



G 

SO 

Immediate 



. . . 

. . . 

6/0 

Butyl 

Butyl 

6 

20 

Immediate 

2 

+ 

+ 

.+ 

0/6 



12 

40 

Immediate 

7 

+ 

1 

+ 

0/2 



6 

60 

Immediate 

10 

+ 

5 

+ 

0/6 



6 

SO 

Immediate 

16 

3 

8 

+ 

2/0 

Ethyl 

Amyl 

6 

40 

Immediate 

12 

+ 

+ 

+ 

0/6 



6 

60 

Immediate 

29 

9 

15 

+ 

0/0 



G 

80 

Immediate 

63 

25 

43 

3 

fl/G 



G 

100 

Immediate 

88 

41 

GO 

17 

1/0 



G 

120 

Immediate 

110 

71 

SO 

30 

2/0 



0 

140 

Immediate 

104 

75 

75 

44 

5/6 

Isopropyl 

Butyl 

C 

10 

Immediate 

4 

+ 

+ 

+ 

0/0 

® Constant muscle tremors 


6 Slight tremor 

* Convulsive movement on injection 
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Table I. — Effects op Intravenous Injections in White Rats, etc., {Coni' d from page 233) 


Duration of Loss ot Various Reflexes, 
No, of Min. 


Comnound I 

Ani- 

Dose 

Down after 







R 

Ri 

mals 

Ms./Kg. 

Injection, Min. Righting 

Corneal 

Ear 

Tail 

Killed 

Isopropyl 

Butyl 

6 

20 

Immediate 

18 

+ 

G 

+ 

0/6 



6 

40 

Immediate 

25 

3 

11 

+ 

0/6 



G 

60 

Immediate 

32 

20 

25 

17 

0/6 



6 

80 

Immediate 

51 

29 

. 44 

27 

1/6 



6 

100 

Immediate 

64 

29 

40 

29 

4/6 

Allyl 

Butyl 

6 

10 

Not Down 

+ 

+ 

+ 

+ 

0/6 



6 

20 

Immediate 

4 

+ 

+ 

+ 

0/6 



G 

40 

Immediate 

9 

+ 

7 

+ 

0/6 



G 

60 

Immediate 

15 

5 

10 

+ 

0/G 



G 

80 

Immediate 

36 

24 

25 

12 

0/6 



G 

100 

Immediate 

74 

45 

45 

23 

2/6 

Allyl 

1-Methyl- 

G 

20 

Immediate 

3 

+ 

2 

+ 

0/6 


butyl 

G 

40 

Immediate 

21 

2 

15 

1 

0/6 



G 

60 

Immediate 

76 

20 

42 

18 

0/6 



6 

80 

Immediate 

51 

19 

32 

19 

2/6 

Ethyl 

Allyl 

G 

40 

Not Down 

+ 

+ 

4" 

+ 

0/6 



G 

60 

2 

76 

+ 

10 

+ 

0/6 



G 

80 

Immediate 

80 

14 

92 

9 

i/e-* 



G 

100 

Immediate 

155 

68 

126 

89 

3/6 

Ethyl 

Isoamyl 

6 

20 

Immediate 

15 

+ 

4 

+ 

0/6 



6 

30 

Immediate 

15 

+ 

5 

+ 

0/6‘ 



G 

40 

Immediate 

26 

8 

13 

6 

0/6 



G 

50 

Immediate 

25 

7 

18 

4 

0/6 



G 

60 

Immediate 

47 

12 

16 

9 

2/5 

Ethyl 

Hexyl 

6 

20 

Immediate 

9 

+ 

1 

+ 

0/6 



G 

30 

Immediate 

18 

+ 

11 

+ 

0/6 



6 

40 

Immediate 

60 

25 

37 

21 

1/6 



6 

50 

Immediate 

43 

34 

35 

10 

1/6 



6 

60 

Immediate 

111 

35 

59 

35 

2/6 

A-l-Cyclohe.\enyl 

Ethyl 

6 

80 

Immediate 

91 

+ 

+ 

+ 

0/6/ 

Ethyl 

2-Ethyl- 

6 

40 

Immediate 

10 

+ 

2 

+ 

0/6 


butyl 

6 

50 

Immediate 

13 

+ 

3 

+ 

0/6 



6 

60 

Immediate 

19 

2 

14 

+ 

0/6 



G 

80 

Immediate 

30 

4 

18 

+ 

0/6 



G 

100 

Immediate 

38 

19 

28 

+ 

0/6 



6 

120 

Immediate 

65 

26 

44 

6 

1/6 



3 

140 

Immediate 




. . . 

3/3 



3 

160 

Immediate 


. . . 

. . . 


3/3 

Ethylthioethylene 

Ethyl 

0 

80 

Immediate 

23 

+ 

+ 

+ 

0/6 



G 

100 

Immediate 

36 

5 

9 

+ 

0/6 



G 

140 

Immediate 

63 

19 

24 

G 

2/6 



G 

160 

Immediate 

63 

22 

25 

15 

3/6 

1-Methylbutyl 

Allyl 

6 

20 

Immediate 

10 

+ 

+ 

+ 

0/6 



6 

40 

Immediate 

47 

2 

10 

+ 

0/6 



6 

60 

Immediate 

70 

20 

27 

8 

0/6 



12 

80 

Immediate 

G1 

23 

28 

12 

0/6 



6 

90 

Immediate 

52, 

13 

23 

9 

0/6 



6 

100 

Immediate 

108 

50 

62 

45 

2/6 



G 

110 

Immediate 

60 

30 

35 

22 

4/6 

Secondary Butyl 

Methyl 

G 

100 

Immediate 

147 

65 

95 

25 

. 2/6 



6 

120 

Immediate 

190 

106 

131 

102 

1/6 



G 

140 

Immediate 

256 

162 

197 

152 

1/6 



6 

160 

Immediate 

317 

273 

289 

253 

2/6 

1-Methylbutyl 

Methyl 

G 

40 

Immediate 

30 

"|- 

7 

+ 

0/6 



6 

50 

Immediate 

45 

14 

30 

+ 

0/6 



6 

60 

Immediate 

66 

37 

50 

18 

0/6 



12 

70 

Immediate 

54 

29 

40 

13 

1/12 



12 

80 

Immediate 

73 

31 

39 

20 

2/12 



12 

90 

Immediate 

89 

53 

63 

44 

4/12 



12 

100 

Immediate 

65 

39 

51 

28 

6/12 

/S-Mcthylallyl 

Methyl 

1 

20 

Not down 

+ 

+ 

+ 

+ 

0/1 



1 

30 

Not down 

+ 

+ 

+ 

-f- 

O/H 



8 

40 

3 

31 

+ 

+ 

+ 

0/8' 



10 

60 

Immediate 

62 

+ 

36 

+ 

0/10< 


Tremors on awakening 
0 Twitched ears after injection 


« Respiration irregular after injec- 
tion 

A Convulsive jerks during injection 


/Labored respiration on injection: 
convulsions on awakening 

» Chewing movements, shakes head 
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Table II. — Effects of Intravenous Injections in White Rats of Various Substituted Barbituric 
Acid Derivatives as Hypnotics and the Observed Toxicity 


Duration of Loss of Various Reflexes, 
No. of Min. 


Compound II 

Ani* 

Dose, 

Down After 

^ 





R 

Ri 

mals 

Mg./Kg. 

Injection, Mtn. Righting 

Comeal 

Ear 

Tail 

Killed 

Ethyl 

Butyl 

G 

10 

Immediate 

3 

+ 

-4* 

+ 

0/6 



6 

20 

Immediate 

29 

2 

8 

+ 

0/6 



6 

40 

Immediate 

25 

5 

10 

4 * 

0/6 



6 

60 

Immediate 

43 

13 

22 

2 

1/6 



6 

80 

Immediate 

69 

35 

37 

32 

1/6 



6 

100 

Immediate 

. . . 

. . . 



6/6 

AUyl 

Butyl 

G 

20 

Immediate 

17 


6 

4* 

0/6 



G 

40 

Immediate 

23 

10 

13 

10 

0/6 



6 

60 

Immediate 

37 

IS 

19 

18 

0/6 



6 

80 

Immediate 

32 

10 

19 

14 

2/6 

Ethyl 

Amyl 

6 

20 

Immediate 

14 

1 

4 


0/6 



C 

30 

Immediate 

25 

7 

10 


0/6 



6 

40 

Immediate 

21 

10 

11 

+ 

0/6 



G 

SO 

Immediate 

41 

12 

22 

5 

0/6 



6 

60 

Immediate 

38 

33 

31 

14 

0/6 



6 

80 

Immediate 

94 

45 

58 

24 

2/6 



6 

100 

Immediate 





6/6 

Ethyl 

Isoamyl 

G 

20 

Immediate 

21 

+ 

8 

+ 

0/6 



G 

30 

Immediate 

19 

+ 

8 

+ 

0/6 



G 

40 

Immediate 

31 

2 

16 

3 

0/6 



6 

so 

Immediate 

33 

5 

16 

5 

0/6 



6 

60 

Immediate 

45 

24 

26 

23 

2/6 

Isobutyl 

Allyl 

10 

15 

Immediate 

21 

+ 

1 

+ 

0/10» 



10 

20 

Immediate 

13 

+ 

1 

+ 

0/10» 



10 

25 

Immediate 

28 

“h 

7 

+ 

0/10 



6 

40 

Immediate 

28 

4 * 

7 

+ 

0/6 



6 

60 

Immediate 

71 

16 

25 

19 

0/6 



6 

70 

Immediate 

so 

17 

26 

1 

0/6 



16 

80 

Immediate 

123 

31 

41 

23 

1/16 



6 

90 

Immediate 

62 

30 

36 

23 

1/0 



16 

100 

Immediate 

191 

74 

98 

62 

5/16 



6 

110 

Immediate 

65 

18 

24 

16 

5/6 



10 

115 

Immediate 

283 

94 

142 

58 

6/10 

Propyl 

Isopropyl 

6 

80 

Immediate 

45 

3 

8 

3 

0/6' 

Propyl 

Methyl 

6 

80 

Immediate 

G2 

•4* 

+ 

+ 

0/0 



6 

100 

Immediate 

81 

34 

40 

2 

0/6 



6 

120 

Immediate 

101 

39 

70 

3 

0/6-' 



6 

140 

Immediate 

149 

94 

101 

69 

1/6" 



6 

160 

Immediate 

184 

147 

101 

139 

1/6" 



G 

ISO 

Immediate 

178 

116 

167 

146 

0/6" 



6 

200 

Immediate 

267 

170 

189 

138 

2/6" 



6 

220 

Immediate 

259 

184 

191 

ISl 

4/6" 

Ethyl 

Ethyl 

6 

60 

Immediate 

75 

~f" 

+ 

+ 

0/6 



6 

80 

Immediate 

141 

30 

51 

3 

0/6 



G 

100 

Immediate 

230 

102 

141 

94 

1/12 



C 

120 

Immediate 

218 

89 

116 

10 

1/0 



6 

140 

Immediate 

204 

140 

193 

130 

2/6 



C 

160 

Immediate 

324 

245 

277 

219 

3/6 

Allyl 

Methyl 

G 

SO 

Immediate 

126 

*4- 

43 

+ 

0/6' 

Amyl 

Methyl 

0 

GO 

Immediate 

38 

“h 

6 

+ 

0/6 



G 

80 

Immediate 

38 

in 

22 

+ 

n/0 



0 

100 

Immediate 

G8 

26 

40 

11 

0/6 



C 

120 

Immediate 

76 

34 

39 

13 

3/6 

Isopropyl 

Butyl 

6 

20 

Immediate 

13 


3 


0/Gf 



G 

30 

Immediate 

19 , 

+ 

11 

4- 

0/6^ 



6 

40 

Immediate 

28 

4 

17 


0/6 



6 

50 

Immediate 

44 

21 

28 

10 

l/G' 



G 

GO 

Immediate 

50 

28 

SO 

21 

l/Qp 



0 

SO 

Immediate 





a/6 

Amyl 

Ethyl 

5 

GO 

Immediate 

IS 


4 

+ 

o/s» 


® Convulsive moveraents — 2 animals 
^ Movement, lower jaw — 2 animals 
^ Convulsions 

Twitching and scratching on awakening 


* Con\*tilsions immediately after injection 
I Con\'«lsive twitch 
a Convulsive twitch and scratching 
A Coa\*ulsive jerk at injccUon 


{ConVd on next pa^c) 
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Table II. — ^Effects of Intravenous Injections in White ILats of Various Substituted Barbituric 
Acid Derivatives as Hypnotics and the Observed Toxicity. {Cant’d from page 235 ) 


Compound II 
R Ri 

Amyl Ethyl 


Allyl Isobutyl 


Isobutyl Ethyl 


Butyl Ethyl 


Ally. Ethyl 


Allyl Propyl 


Allyl Allyl 


Propyl Ethyl 


Compound III 
R Ri 

Ethyl Butyl 


Ethyl Amyl 


« Labored respiration 
i Drooling 

* Constant chewing and drooling 


Duration of Loss of Various Reflexes, 
No. of Min. 

Ani- Dose Down After * — . 


mals 

Mg./Kg. Injection, Min. Righting 

Corneal 

Ear 

Tail 

Killed 

6 

70 

Immediate 

26 

2 

7 

+ 

2/6‘’ 

6 

80 

Immediate 

29 

2 

11 

+ 

2/6*' 

6 

90 

Immediate 

29 

10 

16 

3 

1/6' 

6 

100 

Immediate 

38 

15 

18 

9 

3/6*' 

0 

30 

Immediate 

7 

+ 

1 

+ 

0/6 

G 

40 

Immediate 

15 

+ 

7 

+ 

0/G 

6 

50 

Immediate 

15 

+ 

7 

+ 

0/G 

6 

60 

Immediate 

22 

8 

12 

4 

1/6 

6 

70 

Immediate 

43 

22 

29 

19 

4/6 

6 

80 

Immediate 

41 

17 

22 

12 

5/6 

G 

40 

Immediate 

23 

+ 

3 

+ 

0/6 

G 

50 

‘Immediate 

26 

+ 

10 

+ 

0/6 

G 

60 

Immediate 

37 

+ 

15 

+ 

0/6 

G 

70 

Immediate 

29 

4 

15 

4" 

0/G' 

G 

80 

Immediate 

55 

26 

33 

13 

0/G‘ 

G 

90 

Immediate 

54 

24 

28 

13 

2/6‘ 

G 

100 

Immediate 

74 

41 

54 

33 

5/G* 

G 

60 

Immediate 

31 

+ 

2 

+ 

0/6 

G 

70 

Immediate 

44 

1 

7 

+ 

0/6 

G 

80 

Immediate 

73 

17 

23 

3 

0/G 

G 

90 

Immediate 

86 

18 

23 

9 

2/G 

G 

100 

Immediate 

72 

23 

2G 

19 

2/G 

G 

110 

Immediate 

85 

25 

35 

18 

4/G 

G 

40 

Immediate 

32 

+ 

1 

+ 

0/6 

6 

50 

Immediate 

60 

+ 

9 

4" 

0/6 

G 

60 

Immediate 

84 

17 

40 

10 

0/6 

G 

70 

Immediate 

131 

43 

G3 

14 

0/6 

0 

80 

Immediate 

150 

70 

90 

25 

0/6 

G 

90 

Immediate 

179 

90 

IIS 

68 

0/6 

G 

100 

Immediate 

183 

111 

127 

97 

0/G 

G 

110 

Immediate 

121 

G9 

74 

64 

0/6 

G 

120 

Immediate 

174 

9G 

114 

82 

3/G 

G 

30 

Immediate 

15 

+ 

5 

+ 

0/G 

G 

40 

Immediate 

23 

2 

11 

+ 

0/6 

G 

50 

Immediate 

27 

3 

13 

+ 

0/6 

G 

60 

Immediate 

31 

14 

20 

2 

l/G' 

6 

70 

Immediate 

35 

18 

24 

10 

1/G' 

G 

80 

Immediate 

38 

20 

25 

16 

1/6' 

G 

90 

Immediate 

46 

23 

28 

18 

1/G' 

G 

100 

Immediate 

63 

43 

45 

41 

5/6' 

G 

40 

Immediate 

39 

+ 

3 

+ 

0/6 

G 

50 

Immediate 

74 

9 

21 

+ 

0/6 

6 

60 

Immediate 

117 

19 

38 

7 

0/G 

6 

70 

Immediate 

135 

34 

43 

22 

0/6 

G 

80 

Immediate 

131 

41 

51 

27 

1/6 

6 

90 

Immediate 

187 

43 

75 

24 

2/0 

G 

100 

Immediate 

210 

77 

170 

70 

5/G 

10 

20 

0.5 

39 

+ 

+ 

+ 

0/10" 

10 

40 

Immediate 

81 

+ 

5 

+ 

0/10" 

10 

60 

Immediate 

90 

9 

18 

1 

0/10" 

10 

80 

Immediate 

137 

12 

40 

2 

0/10" 

10 

100 

Immediate 

210 

44 

60 

18 

3/10" 

10 

120 

Immediate 

15G 

08 

9G 

48 

7/10" 

G 

40 

Immediate 

12 

+ 

1 

+ 

0/G 

G 

60 

Immediate 

14 

+ 

9 

■4" 

0/G 

G’ 

80 

Immediate 

26 

5 

15 

3 

0/G 

G 

100 

Immediate 

43 

23 

30 

15 

0/6 

6 

120 

Immediate 

53 

29 

31 

24 

2/6 

G 

20 

Immediate 

6 

+ 

+ 

+ 

0/6 

G 

40 

Immediate 

IG 

4" 

6 

+ 

0/6 

6 

GO 

Immediate 

2G 

11 

13 

+ 

0/6 


I Scratching on awakening 
Tremors on awakening 
n Tremors on awakening, salivation 

(Cant'd on next page) 
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Table II. — ^Effects of Intravenous Injections in White Rats of Various Substituted Barbituric 
Acid Derivatives as Hypnotics and the Observed Toxicity. {Cant’d from page 236) 


Duration of Loss of Various Reflexes, 
No. of Min. 


Compoui 

R 

id III 

Ri 

Ani- 

mals 

Dose 

Mg./Kg, 

Down After /■ 

Injection, Min. Righting 

Comeal 

Ear 

Tail 

Kilted 

Ethyl 

Amyl 

6 

80 

Immediate 

39 

16 

23 

7 

0/6 


6 

100 

Immediate 

58 

29 

36 

23 

1/6 



6 

120 

Immediate 





6/6 

AUyl 

Butyl 

6 

10 

Immediate 

4 

+ 

4* 

+ 

0/6 


6 

20 

Immediate 

12 

2 

8 

+ 

0/G 



6 

40 

Immediate 

20 

6 

11 

+ 

0/6 



6 

60 

Immediate 

24 

11 

13 

2 

0/6 



6 

80 

Immediate 

51 

26 

27 

23 

O/G" 

Isoamyl 

Ethyl 

6 

60 

Immediate 

13 

2 

3 

2 

0/6» 


6 

80 

Irameditae 

16 

5 

6 

5 

3/6° 

Ethyl 

1-Methyl- 

6 

60 

Immediate 

13 

+ 

+ 

+ 

O/Or 

butyl 

6 

80 

Immediate 

19 

4" 

10 

+ 

0/6’’ 


6 

100 

Immediate 

25 

2 

13 

+ 

O/G” 



6 

•120 

Immediate 

45 

12 

21 

+ 

l/G" 



6 

140 

Immediate 

38 

11 

24 

10 

4/6'' 

Isopropyl 

Butyl 

6 

40 

Immediate 

15 

+ 

5 

+ 

0/0 


G 

60 

Immediate 

20 

9 

13 

+ 

0/6” 



6 

80 

Immediate 

23 

S 

15 

+ 

0/0” 



6 

100 

Immediate 

31 

19 

20 

13 

1/0 



6 

120 

Immediate 

37 

25 

31 

23 

4/G 

Butyl 

Allyl 

G 

80 

Immediate 

23 

+ 

+ 

+ 

1/6” 


C 

100 

Immediate 

20 

2 

4 


4/0 

Allyl 

Ethyl 

6 

80 

Immediate 

40 

+ 

9 


0/6» 


6 

100 

Immediate 

41 

2 

6 

+ 

0/6’ 



6 

120 

Immediate 

57 

13 

34 

+ 

1/6’ 



6 

140 

Immediate 

115 

67 

80 

46 

1/6’ 



6 

160 

Immediate 

68 

37 

40 

30 

2/6« 

Methyl 

Butyl 

1 

20 

Immediate 





r 


1 

30 

Immediate 





t 



5 

40 

Immediate 





9 



1 

60 

Immediate 





9 



1 

80 

Immediate 





9 

AUyl 

Propyl 

1 

20 

Not down 





0/1 



9 

30 

Immediate 

6 


+ 

+ 

0/9* 



10 

50 

Immediate 

11 

1 

4 

+ 

0/10“ 



10 

70 

Immediate 

16 

3 

9 

+ 

O/lO' 



10 

90 

Immediate 

33 

14 

20 

9 

4/10“ 



10 

110 

Immediate 

35 

19 

23 

10 

4/10“ 

AUyl 

Isopropyl 

1 

20 

Immediate 



• . « 


O/P 



1 

40 

Immediate 





O/P 



1 

60 






0/P 

Phenyl 

Ethyl 

10 

40 

Immediate 

12 

+ 

+ 

+ 

0/10” 



10 

60 

Immediate 

28 

+ 

2 

+ 

0/10' 



10 

so 

Immediate 

44 

5 

7 

3 

1/10' 



10 

100 

Immediate 

59 

6 

9 

4 

0/10““ 



10 

120 

Immediate 

63 

13 

17 

10 

0/10““ 



8 

140 

Immediate 

126 

18 

24 

15 

0/8“ 



10 

150 

Immediate 

122 

12 

19 

9 

3/10“ 



10 

160 

Immediate 

107 

13 

18 

10 

6/10“ 



10 

170 

Immediate 

146 

17 

23 

9 

9/10“ 


» Jerking during injection 
«• Shakes head on^nwakening 

* Violent convulsions 

V Conclusive twitcli on awakening 

* Labored respiration 
Struggled during injectiim 
Struggled during injection, lacrimation 


0 Convulsions, labored respiration 
V Sliglit tremors on awakening 

9 Rapid respiration after injection 
r No effect 

• Incoordination only 

1 Grintling teeth 

« Convulsive jerk on awakening 
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Table III. — Effects of Intravenous Injections in White Rats of Various Substituted Barbituric 
Acid Derivatives as Hypnotics and the Observed Toxicity 


Duration of Loss of Various Reflexes, 

Min. 

Compound IV No. of Dose, Down After * s 

R Ri Animals Mg./Kg. Injection, Min. Righting Corneal Ear Tail Rilled 


Ethvl Butyl 6 

G 
6 
6 
G 

Allyl Butyl G 

G 
G 
G 
6 
G 
G 

Ethyl Ethyl G 


Allyl Ethyl G 

G 
G 
G 

Compound V 
R Ri 

Ethyl Propyl G 

G 
G 
G 
G 
G 

Evipal Sodium 10 

10 
9 
G 
G 
G 
G 

2% Solution 10 

5% Solution 10 

10 
10 
G 
G 

Amytal Sodium G 

G 
G 
G 
6 
G 
6 
G 

Pentobarbital Sodium G 

0 
G 
G 
G 
0 


30 

Immediate 

11 

40 

Immediate 

21 

50 

Immediate 

27 

GO 

Immediate 

46 

70 

Immediate 

62 

80 

Immediate 

66 

30 

Immediate 

7 

40 

Immediate 

14 

50 

Immediate 

18 

60 

Immediate 

25 

70 

Immediate 


80 

Immediate 

'26 

80 

Immediate 

41 

100 

Immediate 

84 

120 

Immediate 

106 

140 

Immediate 

117 

80 

Immediate 

31 

100 

Immediate 

33 

120 

Immediate 

69 

140 

Immediate 

80 


40 

Immediate 

9 

60 

Immediate 

14 

80 

Immediate 

21 

100 

Immediate 

29 

120 

Immediate 

35 

140 

Immediate 

34 

30 

Immediate 

34 

40 

Immediate 

28 

50 

Immediate 

40 

60 

Immediate 

28 

70 

Immediate 

34 

80 

Immediate 

68 

100 

Immediate 

35 

110 

Immediate 

53 

110 

Immediate 

46 

120 

Immediate 

88 

130 

Immediate 

54 

140 

Immediate 

104 

IGO 

Immediate 


20 

Not Down 


40 

1 

'92 

• 60 

Immediate 

128 

80 

Immediate 

192 

100 

Immediate 

248 

120 

Immediate 

292 

140 

Immediate 

340 

IGO 

Immediate 

428 

20 

Immediate 

62 

30 

Immediate 

117 

40 

Immediate 

127 

GO 

Immediate 

232 

80 

Immediate 

429 

100 

Immediate 

414 


+ 

6 

+ 

0/6 

+ 

14 

+ 

0/6 

8 

17 

3 

0/6 

21 

28 

17 

0/6 

33 

40 

31 

•■2/6 

34 

39 

30 

4/6 

+ 

3 

+ 

0/6 

+ 

8 

+ 

0/G 

4 

11 

+ 

0/6 

9 

16 

5 

1/6 


. . , 


6/6 

'io 

15 

' + 

5/6 

+ 

+ 

+ 

0/6- 

+ 

18 

+ 

0/6- 

60 

72 

21 

1/6- 

64 

SO 

36 

5/6“ 

+ 

3 

+ 

0/6'' 

18 

29 

+ 

1/6' 

35 

41 

21 

2/6' 

40 

64 

20 

4/6' 

+ 

+ 

+ 

O/G-* 

+ 

3 

+ 

0/6 

3 

11 

+ 

0/6 

12 

20 

4 

1/6' 

16 

21 

4 

0/6* 

20 

25 

12 

3/6 

+ 

6 

+ 

0/10/ 

+ 

O' 

+ 

0/10 

1 

9 

+ 

0/9» 

5 

9 

+ 

0/6 

6 

15 

+ 

0/6 

13 

30 

8 

0/6 

19 

55 

13 

0/6 

9 

19 

5 

1/10 

13 

22 

6 

5/10 

19 

58 

11 

2/10 

10 

22 

7 

5/10 

49 

77 

48 

3/6 




6/6 




0/6 

' + 

+ 

’ + 

0/6 

2 

■ 18 

+ 

0/6 

38 

85 

+ 

1/6 

76 

143 

+ 

0/6 

107 

176 

81 

1/6 

180 

255 

98 

4/6 

294 

330 

285 

4/6 

+ 

5 

+ 

0/6 

+ 

50 

+ 

0/6 

32 

67 

20 

0/6 . 

IIG 

190 

87 

1/0 

377 

411 

356 

1/6 

343 

389 

335 

4/G 


° Constant scratching, lacrimation 
* Scratching 
^ Scratching, drooling 


Muscle tremors on awakening 
« Tremors on awakening 
/ Grinding teeth — convulsions in 3 
0 Grinding teeth — 1 animal 
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Table IV. — Effects of Intravenous Injections in White Rats of Various Substituted 
Thiobarbituric Acid Derivatives as Hypnotics and the Observed Toxicity 




No. of 




Ani- 


Compound VI 

mals 

Dose, 

R 

Ri 

Used 

Mg./Kc. 

Secondary 

Ethyl 

6 

40 

Butyl 


G 

GO 



6 

100 



6 

120 



6 

140 



6 

160 



G 

200 



G 

240 



G 

280 

I-Methyl- 

Ethyl 

G 

20 

Butyl 


6 

40 



G 

60 



5 

80 



6 

100 

I-Methyl- 

Allyl 

6 

80 

Butyl 




Compound VII 



R 

Ri 



Ethyl 

Butyl 

6 

20 



G 

30 



G 

40 



G 

50 



G 

60 



6 

80 



6 ' 

100 

Ethyl 

Amyl 

6 

20 



6 

40 



G 

GO 



6 

80 



G 

100 



6 

120 

Ethyl 

Ethyl 

6 

40 



6 

60 



G 

70 



G 

80 



G 

90 



12 

100 



G 

110 

Allyl 

' Methyl 

0 

40 



G 

GO 



0 

80 



G 

100 



G 

120 

Amyl 

Methyl 

G 

80 

Allyl 

Ethyl 

6 

30 



G 

40 



G 

50 



G 

GO 



G 

70 



G 

SO 

Propyl 

Ethyl 

10 

20 



10 

40 



10 

GO 

Compound VIII 



R 

Ui 



Ethyl 

I-Mcthyl- 

G 

SO 


Butyi 

G 

100 

Ethyl 

Amyl 

G 

20 



G 

40 



G 

GO 


° Muscle tremors after injection 
^ lliccouRh respiration 

^ Convulsions durinR injection and for 3 min. 
Violent tremors on awakening 

^ Sneezing, shaking head tin awakening 


Duration of Loss of Various Reflexes, 
^lin. 

Down After / * » 


Injection, Min. Righting 

Corneal 

Ear 

Tail 

Killed 

Immediate 

4 

+ 

+ 

+ 

0/G 

Immediate 

14 

+ 

5 

+ 

0/6 

Immediate 

67 

+ 

17 

+ 

0/6“ 

Immediate 

102 

4 

12 

+ 

1/6- 

Immediate 

135 

+ 

22 

+ 

0/6“ 

Immediate 

203 

44 

55 

2 

0/6“ 

Immediate 

247 

17 

92 

57 

0/6“ 

Immediate 

329 

65 

145 

25 

2/6*’ 

Immediate 

480 

63 

250 

G3 

5/6'- 

Immediate 

13 

+ 

+ 

+ 

0/6 

Immediate 

32 

+ 

9 

+ 

0/6 

Immediate 

45 

3 

25 

7 

0/6 

Immediate 

55 

32 

31 

32 

0/5 

Immediate 

64 

51 

51 

51 

5/6 

Immediate 

40 

+ 

19 

+ 

0/6' 


Immediate 

6 

+ 

+ 

+ 

0/6 

Immediate 

10 

+ 

4 

+ 

0/6 

Immediate 

20 

6 

11 

+ 

OT) 

Immediate 

24 

1 

11 

+ 

0/G 

Immediate 

30 

9 

17 

+ 

0/6 

Immediate 

115 

25 

34 

6 

1/6 

Immediate 

130 

34 

53 

16 

5/6 

Immediate 

8 

+ 

1 

+ 

0/6 

Immediate 

23 

4 

13 

4 

0/G 

Immediate 

34 

15 

22 

8 

0/6 

Immediate 

113 

25 

45 

23 

1/6 

Immediate 

86 

3 

38 

13 

1/6 

Immediate 


. . 



6/6 

Immediate 

53 

+ 

+ 

+ 

0/6 

Immediate 

177 

5 

10 

2 

0/G 

Immediate 

70 

12 

20 

9 

0/6 

Immediate 

200 

14 

30 

6 

1/6 

Immediate 

120 

9 

21 

5 

0/6 

Immediate 

211 

31 

71 

18 

4/12 

Immediate 

115 

29 

47 

25 

4/6 

Immediate 

48 

3 

10 

+ 

0/6-' 

Immediate 

141 

43 

50 

37 

0/G 

Immediate 

121 

37 

51 

35 

1/6 

Immediate 

172 

70 

92 

54 

1/6 

Immediate 

245 

106 

135 

101 

3/6 

Immediate 

32 

+ 

12 

+ 

O/G* 

Immediate 

14 

+ 

+ 

+ 

0/6 

Immediate 

23 

+ 

G 

+ 

0/6 

Immediate 

48 

+ 

13 

+ 

0/G 

Immediate 

67 

9 

28 

3 

0/6 

Immediate 

62 

24 

31 

G 

2/6 

Immediate 

104 

36 

45 

14 

4/G 

Immediate 

2 

+ 

+ 

+ 

0/10/ 

Immediate 

24 

+ 

3 

+ 

0/10» 

Immediate 

70 

2 

12 

+ 

0/1 O'- 

Immediate 

24 

+ 

13 

+ 

0/f 

Immediate 

43 

+ 

20 

+ 

0/f.-' 

Immediate 

2 

+ 

+ 

+ 

0/G 

Immediate 

12 

+ 

7 

+ 

O.T. 

Immediate 

21 

+ 

11 

+ 

0/G 


* Con\'ulsions after injection 
/ Licking 

0 Convulsive twitching 
A Convulsive twitching, shaking 
» ^tuvclc tremors 


( Cant'd on next pa^c) 
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Table IV. — Effects of Intravenous Injections in White Rats of Various Substituted 
Thiobarbituric Acid Derivatives as Hypnotics and the Observed Toxicity. {Cant’d from page 239) 




No. of 


Duration of Loss of Various Reflexes, 




Ani- 




Min. 





mals 

Dose 

Down After 






R 

Ri 

Used 

Mg./KB. 

Injection, Min. Righting 

Corneal 

Ear 

Tail 

Rilled 

Ethyl 

Amyl 

6 

80 

Immediate 

35 

9 

21 

+ 

0/6 



6 

100 

Immediate 

62 

27 

41 

8 

0/6/ 



6 

120 

Immediate 

63 

20 

43 

13 

1/6 



6 

140 

Immediate 

74 

31 

59 

25 

3/6 

Ethyl 

Butyl 

6 

20 

Immediate 

3 

+ 

+ 

+ 

0/6 



6 

40 

Immediate 

9 

+ 

3 

+ 

0/6 



G 

GO 

Immediate 

30 

3 

12 

+ 

0/6 



6 

80 

Immediate 

50 

14 

17 

4" 

0/6 



6 

100 

Immediate 

58 

23 

36 

20 

0/6# 



6 

120 

Immediate 

100 

40 

72 

14 

1/6 



6 

140 

Immediate 

107 

54 

65 

41 

3/6 

Allyl 

Butyl 

10 

15 

Immediate 

5 

+ 

+ 

+ 

0/10 



10 

20 

Immediate 

6 

+ 

3 

+ 

0/10 



10 

25 

Immediate 

12 

+ 

+ 

+ 

0/10 



12 

40 

Immediate 

20 

1 

9 

1 

0/12 



12 

GO 

Immediate 

24 

8 

15 

5 

0/12 



12 

80 

Immediate 

32 

15 

21 

10 

0/12 



22 

100 

Immediate 

44 

19 

26 

13 

22/2 



10 

110 

Immediate 

37 

12 

19 

7 

0/10 



10 

120 

Immediate 

53 

19 

30 

7 

5/10 



10 

130 

Immediate 

54 

14 

28 

10 

7/10 

Butyl 

Allyl 

2 

80 

Immediate 

13 

+ 

4- 

+ 

0/2* 

Isopropyl 

Butyl 

6 

20 

Immediate 

8 

+ 

2 


0/6' 



6 

40 

Immediate 

21 

+ 

11 

+ 

0/6' 



6 

60 

Immediate 

35 

2 

16 

"f* 

0/6' 



6 

80 

Immediate 

31 

11 

17 

6 

0/6' 



6 

100 

Immediate 

48 

20 

26 

7 

1/6' 



6 

120 

Immediate 

61 

25 

39 

16 

2/6' 

Isoamyl 

Ethyl 

2 

80 

Not down 


. . . 

. . • 

. . , 

0/2" 

Allyl 

Ethyl 

6 

80 

Immediate 

33 

+ 

8 

+ 

0/6» 

Compouod IX 









R 

Ri 









Ethyl 

Butyl 

6 

10 

Immediate 

11 

+ 

3 

+ 

0/6 

N 


G 

20 

Immediate 

29 

9 

14 

+ 

0/6 



6 

40 

Immediate 

107 

12 

51 

+ 

1/6 



G 

60 

Immediate 

109 

31 

104 

16 

2/6 



6 

80 

Immediate 

... 




6/6 

Compound X 









R 

Ri 









Ethyl 

Ethyl 

G 

40 

Immediate 

110 

37 

55 

8 

1/6’ 



G 

60 

Immediate 

192 

130 

122 

39 

3/6” 



6 

80 

Immediate 





6/6 

Compound XI 









R 

Ri 









Ethyl 

Ethyl 

6 

30 

Immediate 

20 

+ 

3 

+ 

0/60 



6 

40 

Immediate 

78 

+ 

26 

+ 

0/6' 



6 

50 

Immediate 

119 

9 

28 

4“ 

1/6* 



G 

60 

Immediate 

186 

33 

61 

7 

3/6 



6 

70 

Immediate 





6/6 



G 

80 

Immediate 

2G9 

52 

168 

50 

5/6 

AUyl 

Butyl 

G 

30 

Immediate 

18 

+ 

6 

+ 

0/6 



6 

40 

Immediate 

21 

+ 

11 

+ 

0/6 



6 

50 

Immediate 

31 

+ 

11 

+ 

0/6 



6 

GO 

Immediate 

33 

5 

15 

3 

0/6 



6 

70 

Immediate 





6/6 

Ethyl 

Butyl 

6 

20 

Immediate 

19 


5 

+ 

0/6 



G 

30 

Immediate 

G2 

10 

31 

3 

1/6 

/ Tremors on awakening 



» Convulsive respiration 




* violent convulsion diinn;; and after injection 

p Convulsive movements on awakenioir 


* Slight tremors on 

awakening 



9 Convulsion 





n Violent conv’itlsion during and 

after injection, strychnine- r Jerking and drooling 




like 




• Convulsion and drooling 




** Convulsions after injection, labored respiration 










(Cant'd on next page) 
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Table IV. — Effects of Intravenous Injections in White Rats of Various Substituted 
Thiobarbiturtc Acid Derivatives as Hypnotics and the Observed Toxicity. {Cant'd from page 240] 



No. of 


Duration of Loss of Various Reflexes. 



Ani- 




Min. 




Compound XI 

mals 

Dose 

Down After 




. 


R Ri 

Used 

Mg./Kg. 

Injection, Min. 

Righting 

Corneal 

Ear 

Tail 

Killed 

Ethyl Butyl 

6 

40 

l*n neJiate 

73 

29 

44 

14 

0/6 


fi 

50 

Immediate 





C/G 


6 

60 

Immediate 





6/6 

Allyl Ethyl 

6 

40 

Immediate 

21 

“F 

1 

+ 

0/6‘ 


6 

50 

Immediate 

23 

+ 

8 

+ 

0/6' 


6 

60 

Immediate 

37 

3 

17 

+ 

0/0' 


6 

70 

Immediate 

42 

4 

19 

4 " 

0/6' 


6 

80 

Immediate 

54 

10 

30 

3 

1/0' 


6 

100 

Immediate 

66 

11 

32 

6 

3/6' 

Pentothal Sodium 

10 

15 

I n nediatc 

27 

+ 

2 

+ 

0/10“ 


10 

20 

Immciiate 

39 

+ 

11 

-t- 

0/10 


10 

25 

Immediate 

41 

■ 4 * 

9 

4 - 

0/10* 


.12 

40 

Immediate 

226 

41 

113 

27 

1/12 


10 

60 

Immediate 

312 

55 

202 

33 

6/10 


22 

60 

Immediate 

366 

118 

253 

65 

17/22 


6 

80 

Immediate 





6/6 


i ConvulsioflS on injection and awakening 


« Shakes head, moves lower jaw 
* Respiratory convulsions 


Table V. — Observed Toxicity in White Rats 
Following Oral Administration of Various 
Substituted Barbituric and Tkiobarbituric 
Acid Derivatives 


Compound 

R 

Ri 

Z-Dio 

I 

l-Methylbutyl 

Ethyl 

306 


Isobutyl 

Methyl 

505 


1-Methylbvrtyl 

Allyl 

702 


1-MethylbutyI 

Methyl 

364 

II 

Ethyl 

Butyl 

582 


Allyl 

Butyl 

639 


Isobutyl 

AUyl 

417 


Allyl 

Ethyl 

356 


Allyl 

AUyl 

346 

VII 

Ethyl 

Ethyl 

772 

VIII 

Allyl 

Butyl 

1453 

Pentobarbital Sodium 


99 


Chronic Toxicity — Rat. — Seven of the new deriva- 
tives were administered orally to rats in chronic 
studies. Doses of the compounds representing 25% 
of the LDu) were given twice daily for fourteen con- 
secutive days and the animals then sacrificed for 
pathological examination. Fifteen animals were 
dosed in this manner for each of the compounds in- 
vestigated. The pathologic findings, summariTcd 
in Table VI, appear to indicate the absence of gross 


or irreversible changes in the tissues and organs ex- 
amined. 

Duration of Effect and Toxicity — Mouse. — ^In 
this study male, white, Swiss-strain mice, weighing 
between 20 and 35 Gm., were injected intraperi- 
toneally with selected doses of the sodium barbi* 
turates in aqueous solution. The values shown in 
the tables are, however, calculated as quantities of 
free acid. Sodium Amytal, Sodium Pentobarbital, 
and Sodium Evipal were used as comparative test 
agents. The observations recorded in Table VII 
include (a) the mean hypnotic dose, (4) duration of 
sleep as indicated by the loss and reappearance of 
the righting reflex, (c) the time required to regain 
normal movement, and (d) the acute toxicity. 

The mean hypnotic dose, defined as the dose pro- 
ducing brief loss of righting reflex in 50% of the ani- 
mals, was determined by injecting groups of 10 
animals with 0.5% to 1.0% solutions at 3 dosage 
levels. Data tor the estimation of the acute toxicities 
were obtained by injecting, at 5 to 10 predetermined 
dosage levels, 2% solutions of the sodium barbi- 
turates. With the results thus obtained values of 
the LDk, were computed by the use of Karber’s 
method. Having cstabli.shed the LDu for each com- 
pound, it was possible to compare the effects of the 
barbiturates by injecting in each instance a single 
dose equivalent to 00% of the LDu (see Table VII). 
For this purpose 10 animals were injected with each 
compound. 

The variation in duration of action and toxicity 
among the barbiturates observed in the mouse was 
comparable to that seen in the rat. 
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Table VI. — Effects of Chronic Oral Administration in White Rats of Various Substituted Barbi- 
turic AND THIODARBITURIC AciD DERIVATIVES 


Compound 

R 

Ri 

No. 

of 

Ani- 

mals 

pose, 

25% 

iPsO, 

Mg./Kg. 

Con- 

secu- 

tive 

Days 

Dosed 

o 

1-MethyIbutyI 

Allyl 

15 

176 

14 


R.-S.CH:- 


■H./ 


// 

C— NH 

I 1 

c c=o 
1 1 
C— NX 

o 



O 

Ethyl 

Butyl 

15 

146 

14 




Allyl 

Butyl 

15 

160 

14 

c 

1— NH 






Rv 1 

1 







>c 

1 C=0 






CHZ 1 



Isobutyl 

Allyl 

15 

104 

14 

1 



Allyl 

Ethyl 

15 

SO 

14 

CHa 








C 

NX 















0 







0 

Ethyl 

Ethyl 

15 

193 

14 


R 


C— NH 

' 

>C C=S 
/ 1 I 


Ri-S'CH 

I 

CHa C— NX 

% 

O 

/ 

C— NH 

R 1 l_ 
R,-s-cH,.cH/*y ^ 

C— NX 
O 


Ally! 


Butyl 


15 


363 14 


Pathologic Findings 
Acute glomerulonephritis 
Fatty metamorphosis of liver 


Normal 

Very mild acute glomerulo- 
nephritis 

Very mild metamorphosis of 
liver 
Normal 
Normal 


One kidney showed localized 
inflammatory lesion in cor- 
tex 

Lesion in healing stage and 
of many days duration 


Very mild acute glomerulo- 
nephritis 

Mild fatty metamorphosis of 
liver 


Table VII. — Effects of Intraperitoneal Injections in White Mice of Various Substituted Barbi- 
turic AND ThiOBARBITURIC AciD DERIVATIVES AS HYPNOTICS AND THE OBSERVED ToXICITY 







Duration of 

Incoordina- 




MIID, 

LDio, 

Anesthesia, 

tion, 

Compound 

R 

Ri 

Mg./KE. 

Mg./Kg. 

60% LDio, Min. 

C0% LDu, 







Min, 

o 

Methyl 

Ethyl 

175 

750 

330 

0 

/ 

Methyl 

Butyl 

90 

379 

150 

13 

C— NH 

Isobutyl 

Methyl 

65 

354 

108 

24 

R\ i 1 

Allyl 

Propyl 

30 

284 

117 

12 

>c c=o 

Allyl 

Butyl 

20 

194 

123 

14 

IH./ 1 1 

Isopropyl 

Butyl 

30 

252 

38 

10 

C— NX 

Butyl 

Butyl 

30 

268 

95 

20 

% 

Isobutyl 

Butyl 

40 

300 

78 

10 

O 

Secondary 

Butyl 

40 

244 

09 

30 


Butyl 







Ethyl 

Ethyl 

75 

480 

143 

13 


Ethyl 

Propyl 

60 

318 

59 

13 


Ethyl 

Isopropyl 

85 

415 

139 

14 


Ethyl 

Butyl 

35 

213 

00 

7 


Ethyl 

Amyl 

20 

191 

75 

19 


Propyl 

Ethyl 

50 

397 

150 

12 


Isopropyl 

Ethyl 

75 

280 

86 

13 


Allyl 

Ethyl 

GO 

380 

104 

14 


Butyl 

Ethyl 

85 

379 

74 

10 


Isobutyl 

Ethyl 

50 

335 

81 

, 8 



(Cant'd on next page) 
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Table VII. — ^Eefects op iNTEAPEErroNEAL InjEcrriONS in White Mice op Vaeiohs Substititted Baebi- 

TURIC AND THIOBARBITURIC ACID DERIVATIVES AS HYPNOTICS AND THE OBSERVED ToXICITY 




{Coni’ d from page 242) 




Compoxind 

R 

Rl 

MHD 

Mg./Kg. 

XDso 

Mg./Kg. 

Duration of 
Anesthesia 
60% XDso, Min. 

Incoordina- 

tion 

60% LDw, 
Min, 


Secondary 

Ethyl 

40 

270 

61 

U 


Butyl 

1-Methylbutyl 

Ethyl 

45 

213 

35 

8 


Isoatnyi 

Ethyl 

90 

285 

S 

6 


Propyl 

Butyl 

30 

272 

76 

15 


Ethyl 

Secondary 


231 




Ethyl 

Butyl 

Isobutyl 


277 




Methallyl 

Ethyl 

. . * 

250 




Ethyl 

Tertiary 


25G 



0 

Methyl 

Butyl 

Ethyl 


446 

166 

12 

/ 

Methyl 

Butyl 

‘so 

305 

116 

13 

C— N-CH, 

Propyl 

Ethyl 


541 

168 

30 

Rv 1 1 

Isobutyl 

Ethyl 


420 

Convulsive 


>c c=o 

Ethyl 

Ethyl 


350 

Convulsive 


Ri-S.CH/ 1 1 

Isopropyl 

Ethyl 

‘75 

350 

Convulsive 


C— NX 

Ethyl 

Isopropyl 


100-200 



% 

0 

Ethyl 

Propyl 

'75 

239 

‘ii 

is 

0 

Ethyl 

Ethyl 


402 

190 

21 

/ 

Secondary 

Ethyl 

’75 

375 



C— NH 

R\ 1 1 

Butyl 

1-Methylbutyl 

Ethyl 

75 

350 



>c c=s 

Isobutyl 

Methyl 

75 

314 

Convulsive 


R, -S.CH/ 1 1 

Isobutyl 

Ethyl 

75 

360 


, , 

C— NX 
% 

0 

Evipal Sodium 




220 

35 

16 

Pentobaribtal Sodium 

.... 



155 

120 

7 

Amytal Sodium 




260 

99 

7 


SUMMARY 


1. A group of new barbituric and thio- 
barbituric acids have been examined experi- 
mentally by intravenous injection in the rat 
and intraperitoneal injection in the mouse. 

2. Data have been compiled on (a) the 
time of onset of h3rpnosis, (6) duration of 
action as revealed by various criteria, and 
(c) toxicity. 

3. Several of the new derivatives have 
been administered orally to rats and the 
tolerance to repeated doses determined. 

4. The observations permit the conclu- 
sion tliat the duration of anesthetic or 
hypnotic effect of tlie new compounds de- 
creased as tlie molecular weight increased. 


Generally the series containing R'SCH — as 


CHs 

a substituent were more active compounds 
as revealed by the acute toxicity. In an 
extensive series of compounds as described 
in this paper tliere are notable exceptions to 
any generalization regarding the relationship 
of chemical stmeture to activity. 
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The Anesthetic Effects and Toxicides of Some New 
Barbitunc Acid Derivatives Administered 
to Rabbits. II* 


By WILLIAM H. HUNTt RUSSEL J. FOSBINDER, and O. W. BARLOW 


Tn a previous paper (1) we have described 
the results obtained with a new series of 
barbituric acid derivatives following intra- 
venous and intraperitoneal administration 
to the rat and mouse, respectively. 

Continuing the experimental study qf the 
new compoimds reported by Walter, Good- 
son, and Fosbinder (2) we present herein 

* Received Dec. 17, 1945, from the Research Laboratories 
of the Maltbie Chemical Co., Newark, N. J., and the Win- 
throp Chemical Co., Rensselaer, N. Y, 

t Present address: Marvin R. Thompson Laboratories, 
Stamford, Conn. 


pertinent data relative to the hypnotic ac- 
tion and toxicities of the barbituric acid 
derivatives administered intravenously to 
rabbits. Observations on the rate of de- 
toxification of selected comjiounds are also 
included. 

EXPERIMENTAL 

Duration of Effect and Toxicity. — ^Adult male, 
wWte, New Zealand-strain rabbits, averaging 2.5 
Kg. in weight, were employed in this study. Five 


Table I. — Duration of Hypnotic Effects and Observed Toxicities op Various Substituted Barbi- 
turic Acid Derivatives Injected Intravenously in Rabbits 







Dura- 








tion 

Inco- 







Anes- 

ordi- 







thesia, 

nation, 





MHDk, 

LDtu. 

co% 

C0% 





Mg./ 

Mg./ 

LDui, 

LDui, 


Compound 

R 

R« 

Kg. 

Kg. 

Min. 

Min. 

Remarks 

0 

Allyl 

Propyl 

25 

73 

37 

66 


/ 

Allyl 

Butyl 

10 

47 

39 

24 


C— NH 

Isopropyl 

Butyl 

15 

53 

43 

28 


Fn I 1 

Butyl 

Butyl 

20 

60 

30 

22 


o 

n 

II 

o 

Isobutyl 

Butyl 

20 

62 

25 

31 


H/ 1 1 

Secondary 

Butyl 

10 

44 

27 

26 


C— NX 

Butyl 








Ethyl 

Ethyl 

50 

211 

121 

74 


O 

Ethyl 

Propyl 

40 

124 

33 

51 



Ethyl 

Butyl 

25 

78 

36 

26 



Ethyl 

Isobutyl 

40 

104 

39 

37 

Locomotion of fore- 








legs 


Ethyl 

Tertiary 


162 



Locomotion of fore- 



Butyl 





legs 


Ethyl 

Amyl 

15 

53 

25 

19 



Ethyl 

l-Methyl- 

25 

73 

62 

11 

Locomotion of fore- 

< 


butyl 





legs 


Ethyl 

Isoamyl 

20 

61 

37 

12 



Ethyl 

Hexyl 

15 

43 

15 

13 



Ethyl 

2-Ethyl- 

20 

65 

22 

14 




butyl 







Ethyl 

Cycloliexyl 





Violent convulsions 


Propyl 

Ethj'l 

40 

i7i 

120 

97 



Isopropyl 

Ethyl 

30 

106 

92 

45 

Sneezing on awaken- 


Allyl 

Ethyl 

30 

158 

106 

28 

ing 


Isobutyl 

Ethyl 

35 

115 

72 

46 



Secondary 

Ethyl 

27 

101 

67 

44 



Butyl 








1-Methyl- 

Ethyl 

22 

70 

37 

20 

Locomotion, of fore- 


butyl 






legs 


Isoamyl 

Ethyl 

43 

124 

28 

16 



Cyclo- 

Ethyl 

30 

93 

59 

38 

Locomotion of legs 


hexenj’l 








He.\yl 

Ethvl 

20 

44 

Very brief 



Ethyl 

Allyi 

45 

156 

117 

41 

Locomotion of legs. 








convulsive action 


Methallyl 

Ethyl 




• 

Locomotion of legs. 








convulsive action 


Propyl 

Butyl 

20 

69 

48 

39 



{Cant’d on next page) 
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Table I. — Duration of Hypnotic Effects and Observed Toxictties of Various Substituted Barbi- 
turic Acid Derivatives Injected Intravenously in Rabbits. {Cant’d from page 244) 


Compound 

Pentobarbital Sodium 
Amytal Sodium 

Evipal Sodium 

R 

0 

Propyl 

/ 

C— NH 

Isobutyl 

R\ 1 1 

Allyl 

H >C C=0 
R,-S-C/| 1 

Ethyl 

1 1 1 

Propyl 

CH, C— NX 

Ethyl 

0 

Ethyl 

Hexyl 

Methyl 

Propyl 

0 

Ethyl 

// 

C— NH 

i 

H>C 0=0 
R,-S-C/ 1 i 

OHs C—NX 
\ 

0 

Ethyl 

0 

/ 

C— NH 

R\l 1 

H>C C=0 
R,-S-c/l 1 

1 C—NX 

CH\ 

/\ 0 

Cih CIIj 

Ethyl 

C— NH 

R\ 1 1 

>C C=0 

r,-s-ch/i j 

1 C—NX 

CH %, 

CjlC^jlU ° 

Ethyl 

O 

/■ 

C— NH 

R\ 1 1 

>C 0=0 

r,-s-ch/i 1 

1 C— NX 

C,H, 

O 

Ethyl 

0 

/ 

C— NH 
R\ 1 1 

>C c=o 

RrS-CHrCII./ | | 

C—NX 

% 

0 

Ethyl 


Dura- 


Ri 

MBDu , 

Mg./ 

Kg. 

LDtit 

Mg./ 

Kg. 

tion Inco- 
Anes- ordi- 
thesia, nation, 
60% 60% 
LDio, LDitt , 
Min. Min. 

Remarks 


. . 

45 

58 24 


Isobutyl 

15 

35 

75 

80 

116 

89 48 

19 13 

45 19 

Convulsive tremors 

Allyl 


46 

28“ 

Locomotion of legs. 

Butyl 

10 

35 

34 21 

convulsive action 

Butyl 

15 

65 

34 21 

Locomotion of legs. 

Butyl 

20 

58 

35 32 

convulsive twitch 
Locomotion of legs 

Amyl 

10 

36 

28 9 

Isoamyl 

15 

45 

41 10 

Locomotion of legs. 

Ethyl 

20 

45 

12 17 

convulsive action 
Locomotion of legs 

Cyclohexyl 

. . 



Convulsions and 

Methyl 




nystagmus 

M. H. D. between 

Butyl 

20 

65 

'52 21 

61-124 mg./Kg. 
Convulsive action 

Isopropyl 


10 


Strychnine-like 

Ethyl 

30 

44 

12 14 

death 

Ethyl 

54 

65 




Ethyl 


58 


Convulsive action 

Butyl 

25 

73 

24 8 





0 Dose, 50% LD^. 
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and 10% solutions of the sodium barbiturates were Pcntothal, and Sodium Evipal were used as reference 

used throughout the experiments, permitting the compounds. The criteria employed for the de- 
administration of fairly uniform volumes in each termination of the mean hypnotic dose, duration of 

instance. The injections were made into the mar- anesthesia, and the incoordination interval were 

ginal ear vein at a constant rate of 2.0 cc.. per min- roughly similar to those used by Werner, Pratt, and 

utc. In this study. Sodium Pentobarbital, Sodium Tatum (3). The acute toxicides of the barbiturates 


Tadle II. — Duration of Hypnotic Effects and Ouserved To.vicities of Various Suustituted Tiiio- 
nARBiTURic Acid Derivatives Injected Intravenou.sly in Rabbits 


Dura- 








tion 

Inco- 








Anes- 

ordina- 








thesia, 

tion, 






MHDui, 

LDio, 

00% 

60%. 






Mg./ 

Mg./ 

J.Du, 

LDto, 


Compound 

R 

R, 

Kg. 

Kg. 

Min. 

Min. 

Remarks 


O 

Isobutyl 

Methyl 


110 

50 

40 



/ 

Ethyl 

Isoamyl 

20 

61 

12 

5 

Very irritant on in- 


C— NH 







jection 

Rn 

. 1 1 

Isobutyl 

Ethyl 

30 

129 

45 

39 



>c c=s 

Secondary 

Ethyl 

25 

82 

48 

23 


R,-S-CH/ 

1 1 

Butyl 








C— NX 

1-MethyI- 

Ethyl 

20 

56 

16 

12 



% 

butyl 








o 

Butyl 

Butyl 





Convulsions 


0 

Propyl 

Methyl 


103 



Very long duration 


/ 

Hexyl 

Ethyl 

25 

58 

8 

■ 4 

Convulsions 


C— NH 

Ethyl 

Butyl 

15 

57 

23 

16 

Locomotion of legs 


1 1 

Propyl 

Butyl 

20 

58 

21 

21 

Convulsive twitches 


>c c=s 

Ethyl 

Amyl 

15 

45 

14 

4 


R,-S-CH/ 

1 1 

Ethyl 

Isoamyl 

20 

51 

15 

6 


1 

1 1 

Methyl 

Cyclohexyl 




• 

Violent Convulsions, 

CH, 

C— NDC 







nystagmus 


% 

AUyl 

Butyl 

15 

40 

22 

11 

Locomotion of legs 


0 

Isobutyl 

Allyl 

20 

73 

30 

33 

Convulsive irritant on 









injection 


0 

Ethyl 

Isopropyl 





Strychnine-like death 



Ethyl 

Butyl 

15 

'io 

is 

‘9 



C— NH 

I I 

>c c=s 
R,-S-Ch/| I 
, I C— NX 

C.Hi \ 

O 

O Ethyl Ethyl 10 32 9 4 Convulsive action 

/ 

C— NH 

I I 

>c c=s 

R,-S-CH/ 1 1 

I C— NDC 

CjH, % 

O 


O Ethyl Ethyl 

/■ 

C— NH 

Rv I I 

>c c=s 

R,-S-Ch/ I I 
1 C— MX 

CH 

C,Hi C-Hs 


Cyanosis, mercaptan 
breath, appears to 
produce methemo- 
globin 


O 

C— NH 

R\ I I 

>c c=s 

RrS-CH-CH-/ I I 

C— NX 

% 

o 


Allyl 


Butyl 


20 


GO 
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were estimated by the application of Behrens’ 
method (4). For the determination of the MHDsa 
(median hypnotic dose) and the LDm, 10 animals 
were injected at each dosage level. Those animals 
used more than once were given a rest period suf- 
ficient for the clearance of residual barbiturate. 
A direct comparison of the duration of anesthesia 
produced by the new barbiturates and the reference 
compounds was obtained by injecting groups of 10 
animals with a dose corresponding to 60% of the 
estimated LDm. 

The results are summarized in Tables 1 and II 


wherein the various compounds are listed and data 
are given on the MHDm, the LDm, duration of 
anesthesia produced by injection of a dose equiva- 
lent to 60 per cent of the LDm, nnd the incoordina- 
tion time at this dosage level. Side-effects observed 
following intravenous administration are included 
under the heading “Remarks.” Of particular inter- 
est was the convulsant action of 5-Ethyl, 5-ct-iso- 
propylthiopropyl barbiturate sodium which is struc- 
turally related to Sodium 5-ethyl, 5-1, 3-dimethyl- 
butyl barbiturate studied by Swanson and Chen (5) 
who reported the barbiturate was a convulsant in 


Table III. — Detoxification of Various Substituted Barbituric and Thiobarbituric Acid 
Derivatives Administered Intravenously to Rabbits 






No. 

Single 


Time 

— 








ot 

Dose, 

Rer 

Inter- 

No. 


Total 

Aver- 





Ani- 

Mg./ 

Cent, 

val, 

Min. 

of 

Aver- 

Dose, 

age, 

Compound 

R 

Ri 

mals 

Kg. 

LDib 

Doses 

age 

% £D» ■ 

% 

Evipal Sodium 




10 

27 

33 

15 

4-7 

5.1 

135-236 

172.3 




10 

40 

50 

15 

1-i 

2.9 

50-200 

145.0 





5 

40 

50 

23 

2-4 

3.0 

100-200 

150.0 

Pentothal Sodium 



10 

13 

33 

15 

5-10 

7.1 

138-325 

228.5 





10 

20 

50 

15 

3-5 

4.1 

150-250 

205.0 





5 

20 

50 

23 

3-5 

3.8 

150-250 

190.0 


0 

Allyl 

Butyl 

10 

20 

33 

15 

9-17 

12.7 

300-567 

380.3 


/ 

10 

30 

50 

15 

3-11 

7.5 

150-550 

375.0 


C—NH 



5 

30 

50 

23 

10 

10.0 

No Deaths 

R. 

>c. c==s 











Ri-S-CHrCHr 

1 

C— NX 
























0 












0 

Allyl 

Butyl 

5 

30 

50 

15 

3-5 

3.4 

150-250 

170.0 


/ 

Isopropyl 

Butyl 

5 

30 

50 

15 

3-5 

3.6 

150-250 

180.0 


C—NH 

Ethyl 

Butyl 

5 

37 

50 

23 

3-4 

3.4 

150-200 

170.0 

R. 

1 

>c c=o 

Ethyl 

Amyl 

5 

30 

50 

15 

3-5 

3.8 

160-250 

190.0 

R.-S-CHi-CHs 

1 

C— NX 
























0 











O 

Ethyl 

Ethyl 

5 

17 

33 

15 

7-12 

9.6 

238-408 

326.0 





5 

25 

50 

15 

4-6 

5.2 

200-300 

260.0 

C— 

■NH 



5 

25 

50 

23 

5-8 

6.6 

250^00 

330.0 

R\ 1 

1 











H >C 

c=s 











R,-S-C/ 1 

1 











1 c- 

NX 












CH,\. 


0 


0 

Isobutyl Allyl 

10. 

16 

33 

15 

4-9 

6.8 

133-313 

231.2 



10 

24 

50 

15 

2-5 

3.8 

100-250 

190.0 

C—NH 


5 

24 

50 

23 

3-4 

4.2 

150-200 

180.0 


i I 

H>C C=0 

"'■T I I 

CHj C— NX 
O 


Rs 


O 

/ 

C— Nil 


>c c=o 

R,-S-Ch/| I 

C— NX 


o 


Isopropyl Butyl 
Secoiuiarj' Butyl 
Butyl 


5 27 50 
5 22 .50 


15 3-4 3.6 
15 4-!) 0.0 


150-200 ISO.O 
200-4,50 300.0 



Tahlh IV. — Deto.xification of Various Substituted Barbituric and Thiobarbituric Acid Derivatives Administered Intravenousi.y to Rabbits 
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warm-blooded animals when given in relatively low 
dosage. In this instance the substitution of — CHj — 
by — S — apparently did not alter the pharmacologi- 
cal action. 

All of the compounds appeared to depress the 
respiratory rate to a varying degree and in general 
the effect was dependent on the size of the dose ad- 
ministered. A pharmacodynamic study of this de- 
pression was not attempted. 

As a part of a more detailed study of several 
barbiturates, selected from the group of compounds 
examined, the rate of a detoxification following 
intravenous administration was determined using a 
procedure similar to that described by Hazleton, 
Koppanyi, and Linegar (0); Pentothal Sodium and 
Evipal Sodium were used as control agents. In 
separate groups of animals, doses equivalent to 
33% and 60% of the LDn, were given at fifteen- 
minute intervals until death ensued, while another 
group received doses of 50% of the LDk at twenty- 
thrcc-minute intervals. The data shown in Tables 
III and IV summarize the results thus obtained. 

SUMMARY 


2 

2 

■ eo 



• (N 



M 


S S S S S g 

kj 

O O O C C O 
lO 10 40 »0 lO IC 


lO lO lO lO CO 


1. A group of new barbituric and thio- 
barbituric acids have been studied by in- 
travenous injection in rabbits. The median 
hypnotic dose, acute toxicities, and duration 
of action at a uniform dosage level, have 
been determined and described. 

2. The rate of detoxification on intrave- 
nous administration has been determined for 
several of the compounds. Sodium 5-alIyl- 
5-(a-butylthioethyl) tliiobarbiturate and So- 
dium 5-ethyl-5-(o-ethylthioethyi) thiobarbi- 
turate were rapidly detoxified by rabbits. 

3. When the new barbiturates were ad- 
ministered intravenously it was observed 
that the duration of hypnotic effect de- 
creased and the toxicity increased as the 
molecular weight of the compounds in- 
creased. Derivatives comprising the 
RSCH — scries were generally more toxic 


CHs 

than those in the analogous RSCHj — series. 
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The Influence of Physiologically Active Compounds 
and Their Inactive Homologs on Phase 
Boundary Potentials* 

By CHARLES P. DILLON,! GAYLORD B. ESTABROOK, and WALTER tl. HARTUNG 


Employing a "model cell,” as described by 
Beutner, the change produced in electro- 
motive force by propadrine and three homo- 
logs and by choline and two horaologs was 
determined. The results show that it is not 
yet possible to correlate change in E. M. F. 
with physiological activity in homologous 
series; there is an approximate parallelism be- 
tween effect on E. M. F. and relative toxicity. 

"Deutner (1) suggests that many drugs, 
particularly those which are active in 
small doses, produce their physiological ef- 
fect by altering the electromotive forces 
which normally exist between the hetero- 
geneous components of the protoplasm. He 
has elaborated on this hypothesis and pro- 
duced experimental data in its support (2). 

For example, a “model cell” was set up as 
follows ; 


active and generally useful. This raises the 
question as to whetlier or not these electrical 
properties are characteristic only for the 
active members of a homologous series of 
compounds. If this should prove true, then 
it is reasonable to expect that biological activ- 
ity could be predicted for an unknown com- 
pound merely by measuring the change it 
produces in the'E. M. F. of a model cell; the 
character of the physiological properties may 
then be determined by subsequent in vivo 
examination. If so, such measurements 
should provide an invaluable means by which 
the chemist and the pharmacologist, in their 
search for new drugs, could narrow their 
investigations by prompt elimination of un- 
promising compounds. 

Two series, the active members of which 
have been studied by Beutner, are available. 


1 KCl solution 1 

Nitrobenzene 

Physiological saline 

KCl saturated 

saturated 

and 10% olcie 

with 0-02% so- 

with HgCl 

with HgCl 

acid 

dium oleate. 

Drug added here | 


The normal electromotive force of tliis cell, 
without alkaloid or drug, is approximately 
85 millivolts. The addition of drug or 
chemical to the physiological saline solution 
at tile point indicated reduces the E. M. F. 
T 3 'pical results are assembled in Table I. 

Acetylcholine at a concentration of 1 :3 X 
10~'' produces a negative potential of 200 
mv. and at 1 : 1 X 10~®, a negative potential 
of 5 mg. (4). Paredrine at a concentration 
of 1; 5 X IQ-h in a cell using tricaproin as 
the oil phase, reduced the potential 20 mv. 
(5). 

The implications of the h 3 'pothesis arc 
manifold and intriguing. It will be observed, 
however, even when all the data are consid- 
ered, that Beutner has confined his studies 
to compounds known to be ph 3 ^siologicall 3 ' 

• Reccivetl April 2D, ID-JC, from the Research l-aboratoriesp 
School of Pharmacy, University of ^^aryland. Raltimore, Md* 
t Present address; St. Joseph’s College, Mountain Vicw» 
Calif. 


Tahle I. — Effect of Alkaloids and Their Salts 
ON E. M. F. OF "Model Cell” (3) 


Substance 

Concentration 

Decrease in 

X 10» 

E. M. F., Mv. 

Pilocarpine 

1 

5 


10 

33 


50 

57 

Atropine sulfate 

1 

4 


10 

25 


50 

57 

Strychnine sulfate 

1 

4 


5 

18 

* 

10 

31 

Quinine hydrochloride 

1 

1 


10 

11 

Morphine sulfate 

2 

G 


5 

11 

Ephedrine sulfate 

1 

G 

Cocaine hydrochloride 

1 

3 


viz., the pressor amines derived structurally 
from /3-phenyIethylamine and the quater- 
nar 3 '' ammonium compounds related to 
choline. 

An extensive series of compounds struc- 
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turally related to epinepliritie, ephedrine, 
and benzedrine was available from previous 
studies in correlating the relationship be- 
tween chemical structme and physiological 
activity (6). 

A second group of related compounds is 
found in the choline series, members of 
which were placed at our disposal by Merck 
& Company, through the courtesy of Drs. 
Bastedo and Major. Choline and /3-methyl- 
choline are active, and the relative inertness 
and greater toxicity of “triethylcholine” are 
known (7). 

It is obvious that any model cell can at 
best only approximate biological conditions, 
not duplicate them. Hence, negative results 
are not conclusive; rather they add com- 
plexity to the hypothesis. For instance, is it 
perhaps the products resulting from the re- 
action of the drug with the protoplasm which 
causes the electromotive variation? And 
physiologically inactive homologs or isomers 
do not give rise to products which produce a 
change in E. M. F. ? 

EXPERIMENTAL 

The cell used in thfcse experiments was similar to 
that described by Beutner (1). The electrodes were 
of the usual calomel type filled with saturated potas- 
sium chloride solution. To one of the electrodes was 
sealed a hook-shaped tube, at the lower end of which 
was fused a cup of 2- or 3-ml. capacity. This cup held 
the "oil” which set up the phase boundary potential. 

For measuring the changes in potential difference 
a Beckman pH meter, laboratory model G, was used. 
This type of potential measuring apparatus was ap- 
plicable, since the cell had very high internal resis- 
tance. This instrument gave measurements repro- 
ducible to 5 mv. Readings were taken with the poles 
connected one way, and then repeated with the poles 
reversed. 

In making a run, potassium chloride solution was 
pipetted from the cup and the oil introduced, also by 
pipette. To replace the oil, it was first removed by 
pipette, then 1 to 2 ml. potassium chloride solution 
was run into the calomel electrode from the top to 
force out any boundary potassium chloride. This 
'was withdrawn, in turn, from the cup, and a new 
sample of oil added. 

The compound being studied was made up in 0.01, 
0.001, and, in some cases, 0.0001 molar solutions, the 
solvent being a solution of potassium chloride, 0.750 
Gm. /liter, or so<lium benzoate, 0.001 molar. The 
central beaker of the cell was filled with 100 ml. of 
this salt solution and stirred until the salt distribu- 
tion between the oil and the water reached equilib- 


rium, and the potential difference was then meas- 
ured. Into this was pipetted an amount of drug 
solution necessary to give the'desired concentration, 
and the potential difference was again observed. 
The difference between this and the initial readings 
represented the change in potential difference due to 
concentration. More of the drug solution was then 
added until the desired next higher concentration 
was reached. Since the same salt solution served 
both as zero reading and as solvent for the compound 
studied, the salt concentration always remained the 
same throughout a series of readings. The oils used 
were guaiacol and nitrobenzene, each freshly dis- 
tilled. 

The data are summarized graphically. Figure 1 



.000001 .00001 .0001 
MOLAR CONCENTRATION 


Figure 1. — O, propadrine HGl; •, propadrine base 
O, hexadrine HCI. 


shows the results obtained with propadrine base, its 
hydrochloride and hexadrine hydrochloride 
(CtHs — CHOH — CH — C(Hs); nitrobenzene was 

I 

NHj-HCl 

used in the cup and sodium benzoate as the solu- 
tion. Hexadrine hydrochloride gave, over a wide 
range of concentrations, a much greater change iu 
voltage than the propadrine hydrochloride. It will 
be noted that the curves have approximately the 
same shape and slope. The differences in voltage 
correspond with the known toxicity of the com- 
pounds, the higher homolog being the more toxic (8). 
Propadrine and its salt produce appro.ximately the 
same voltage change; this indicates an interchange of 
ions iu the nitrobenzene. 
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Figure 3 shou-s the results obtained with propad- 
rine, butadrine, and pentadrine (CcHs — CHOH 
CH— R. R = CHs, CjHs, and n-CjHr, respectively) 

I 

NH. 

hydrochlorides, using guaiacol and potassium chlo- 
ride solution. Considered from the point of toxicity, 
the curves are in proper order, since pentadrine is 
about three times more toxic than propadrine (8). 

Figure 2 shows the results obtained with choline 
chloride, methyicholine chloride and "tricthyl- 
choline” chloride, HOCH 2 CH 2 — blfCjHrisCl, with 
sodium benzoate as the solution and nitrobenzene 
as the oil. Again, the change in voltage gives no 



Figure 2. — •, choline Cl; O. beta methyl choline Cl; 
® , triethyl choline Cl. 

indication of physiological activity, but the com- 
pound showing the greatest change in voltage is the 
most toxic. 

In Fig. 3 are shown also the results obtained with 
cocaine hydrochloride and papaverine hydrochloride, 
the cell combination being guaiacol and potassium 
chloride. Here again, the more toxic cocaine pro- 
duces the greater change in voltage. 

DISCUSSION 

These results, along with otlier data not 
described here, show that it is not yet pos- 
sible to predict biological activit}^ merely by 


measuring the change a compound produces 
in the electromotive force of a "model cell." 
Possibly the development of a more ideal 
cell may make for better correlation. Or 
perhaps the interesting correlations that 
have thus far been observed, e.g., those 
shown in Table I, are receiving incomplete 
or even misleading interpretations. Further 
studies with homologous series, as employed 
here, may clarify these points. Our results 
show only an approximate parallelism be- 
tween the change in E. M. F. and the rela- 



Figure 3. — O. cocaine HCl; •, papaverine HCl; 
A, propadrine HCl ; □ , butadrine HCl ; A , pentadrine. 


tive toxicities of homologous series. 
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A Study of the Microbiological Assay of Riboflavin* 

By HAROLD W. WOODSON, t ERNST R. KIRCH, and OLAF BERGEIM 


The values determined using a mixture of 
twenty amino acids compared favorably with 
those obtained using the customary media 
containing alkali-treated peptone or casein 
hydrolyzate. For the riboflavin assay a new 
test organism, Lactobacillus delbruckii, gave 
essentially the same growth responses as the 

standard organism, Lactobacillus casei. 

NOWLEDGE of the growth factor require- 
ments of various lactic acid bacteria, 
especially Laclohacillus casei and Lactobacil- 
lus arahinosus 17-5, has led to the develop- 
ment of useful microbiological methods for 
the quantitative determination of most of 
the B vitamins. 

Microbiological assays of riboflavin, using 
as the test organism, Lactobacillus casei, 
have been adopted in many laboratories 
using the original method of Snell and Strong 
(1) or the modified medium of Silber and 
Unna (2). Frequency of irregular standard 
curves and discordant results are some of the 
difficulties which have been observed with 
the Snell and Strong medium, which contains 
alkali treated-photolyzed peptone and lead- 
treated yeast supplement. This has led to 
studies on the improvement of media for this 
determination, with the object of obtaining 
greater regularity and sensitivity in the re- 
sponse of the nucroorganism to riboflavin. 
In all of the suggested media along with the 
known growth factors are one or more mate- 
rials of variable composition, i.e., hydrolyzed 
casein, photolyzed peptone, and yeast sup- 
plement. Recent studies on the amino acid 
requirements of Lactobacillus casei (3) and 
Lactobacillus delbruckii LD5 (4), and the 
use of these organisms in microbiological 
amino acid assays (5-7) have suggested the 
possibility of using a completely synthetic 
medium of known and constant composition 
for vitamin assays. 

* Received April 20, 1940, from the Department of Bio- 
loRical ChemistxV# University of Illinois College of Medicine, 
and the Department of Chemistry, University of Illinois 
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Tomlinson and Peterson (S), in their ex- 
periments ivith a synthetic medium for the 
determination of biotin, suggest that the 
same medium could be used for the assay of 
riboflavin, pantothenic acid, and nicotinic 
acid. However, because of the longer time 
required (four days) and the possibility of 
other substances present in natural materials 
affecting the results, further experiments 
would be needed before adopting a synthetic 
medium for such assays. 

In the present work, we were interested 
in the development of an amino acid medium 
for use in the determination of riboflavin and 
the application of Lactobacillus delbruckii to 
this assay. 

EXPERIMENTAL 

Organisms.- The organisms used are Lactobacillus 
casei and Lactobacillus delbriickii ld 5. Stab stock 
cultures of the organisms are carried in a medium 
of the following composition: 1% glucose, 1.5% 
agar, and 1% yeast extract. Stock cultures are 
transferred weekly and are stored in the refrigerator. 

Basal Media. The following media were used in 
this investigation: Silber-Unna (2) modification of 
the original Snell and Strong medium (1), Landy 
and Dicken (9), and the amino acid medium similar 
to that described by Baumgairten, et al. (10). The 
composition of the amino acid medium is shown in 
Table I. 

This medium is double strength, 5 ml. being used 
per tube, diluted to 10 ml. with the solution being 
assayed plus water. The amino acid medium of 
Baumgarten, et al. (10) was selected since their experi- 
ments showed that other proposed amino acid media 
(3-6) did not give maximal growth response with L. 
casei, whereas maximal growth response was obtained 
with their medium bj’ the addition of thiamine, which 
acts as a stimulating factor for L. casei. 

Assay Procedure. Inoculum tubes arc prepared 
by direct transfer from stock culture to 10 ml. of the 
diluted basal medium containing 1 pg. of riboflavin. 
After incubation for twenty-four hours at 37°, the 
culture is centrifuged and the cells are resuspended 
in 10 ml. of sterile phs’siological sodium chloride. 
One drop of tliis suspension is used per lube for 
inoculation. 

Assays were carried out in 10 X 150-mm. I’yrcx 
bacteriological culture tubes. To establish the 
standard curve, duplicate tubes were set up contain- 
ing the iolloiring concentrations of riboflavin: 0.00, 
0.05, 0.10, 0.15, 0.2, 0.3, and 0.5 ng. of riboflavin. 
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Figure 3 shows the results obtained with propad- 
rine, butadrinc, and pcntadrine (CeHs CHOH 
CH— R, R = CHj, CiHs, and n-CsH;, respectively) 

1 

NH: 

hydrochlorides, using guaiacol and potassium chlo- 
ride solution. Considered from the point of toxicity, 
the curves are in proper order, since pcntadrine is 
about three times more toxic than propadrine (S). 

Figure 2 shows the results obtained with choline 
chloride, methylcholine chloride and "tricthyl- 
choline” chloride, IIOCH 2 CH 2 — I^(C2H5)3C1, with 
sodium benzoate as the solution and nitrobenzene 
as the oil. Again, the change in voltage gives no 



Figure 2. — •, choline Cl; O. beta methyl choline Cl; 

O , triethyl choline Cl. 

indication of physiological activity, but the com- 
pound showing the greatest change in voltage is the 
most toxic. 

In Fig 3 are shown also the results obtained with 
cocaine hydrochloride and papaverine hydrochloride, 
the cell combination being guaiacol and potassium 
chloride. Here again, the more toxic cocaine pro- 
duces the greater change in voltage. 

DISCUSSION 

These results, along with other data not 
described here, show that it is not yet pos- 
sible to predict biological activitj’ merely by 


measuring the change a compound produces 
in tlie electromotive force of a "model cell.” 
Possibly the development of a more ideal 
cell may make for better correlation. Or 
perhaps the interesting correlations that 
have tlius far been observed, e.g., those 
shmvn in Table I, are receiving incomplete 
or even misleading interpretations. Furtlier 
studies with homologous series, as employed 
here, may clarify these points. Our results 
show only an appro.ximate parallelism be- 
tween the change in E. M. F. and the rela- 
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molar concentration 

Figure 3. — O. cocaine HCI; •, papaverine HCl; 
A, propadrine HC1;D, butadrinc HCl; A, pentadriiic. 


tive toxicities of homologous series. 
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A Study of the Microbiological Assay of Riboflavin* 

By HAROLD W. WOODSON, t ERNST R. KIRCH, and OLAF BERGEIM 


The values determined using a mixture of 
twenty amino acids compared favorably with 
those obtained using the customary media 
containing alkali-treated peptone or casein 
hydrolyzate. For the riboflavin assay a new 
test organism, Lactobacillus delhruckii, gave 
essentially the same growth responses as the 
standard organism, Lactobacillus case!. 

1^ NOWLEDGE of the growth factor require- 
meats of various lactic acid bacteria, 
especially Lactobacillus casei and Lactobacil- 
lus arabinasus 17-5, has led to the develop- 
ment of useful microbiological methods for 
the quantitative determination of most of 
the B vitamins. 

Microbiological assays of riboflavin, using 
as the test organism, Lactobacillus casei, 
have been adopted in many laboratories 
using the original method of Snell and Strong 
(1) or the modified medium of Silber and 
Unna (2). Frequency of irregular standard 
curves and discordant results are some of the 
difficulties which have been observed with 
the Snell and Strong medium, which contains 
alkali treated-photolyzed peptone and lead- 
treated yeast supplement. This has led to 
studies on the improvement of media for this 
determination, with the object of obtaining 
greater regularity and sensitivity in the re- 
sponse of the microorganism to riboflavin. 
In all of the suggested media along with the 
knoivn growth factors are one or more mate- 
rials of variable composition, i.e., hydrolyzed 
casein, photolyzed peptone, and yeast sup- 
plement. Recent studies on the amino acid 
requirements of Lactobacillus casei (3) and 
Lactobacillus delbruckii LD5 (4), and the 
use of these organisms in microbiological 
amino acid assays (5-7) have suggested the 
possibilitj' of using a completely syntlietic 
medium of known and constant composition 
for vitamin assays. 
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Tomlinson and Peterson (S), in their ex- 
periments with a synthetic medium for the 
determination of biotin, suggest that the 
same medium could be used for the assay of 
riboflavin, pantothenic acid, and nicotinic 
acid. However, because of the longer time 
required (four da}’^s) and the possibility of 
other substances present in natural materials 
affecting the results, further experiments 
would be needed before adopting a synthetic 
medium for such assays. 

In the present work, we were interested 
in the development of an amino acid medium 
for use in the determination of riboflavin and 
the application of Lactobacillus delbruckii to 
this assay. 

EXPERIMENTAL 

Organisms.- The organisms used are Lactobacillus 
casei and Lactobacillus delbruckii ld 5. Stab stock 
cultures of the organisms are carried in a medium 
of the following composition: 1% glucose, 1.5% 
agar, and 1% yeast e.xtract. Stock cultures are 
transferred weekly and are stored in the refrigerator. 

Basal Media. The following media were used in 
this investigation: Silber-Unna (2) modification of 
the original Snell and Strong medium (1), Landy 
and Dicken (9), and the amino acid medium similar 
to that described by Baumgarten, el al. (10). The 
composition of the amino acid medium is shown in 
Table I. 

This medium is double strength, 5 ml. being used 
per tube, diluted to 10 ml. with the solution being 
assayed plus water. The amino acid medium of 
Baumgarten, el al. (10) was selected since tlicir experi- 
ments showed that other proposed amino acid media 
(3-6) did not give maximal growth response with L. 
casei, whereas maximal growth response was obtained 
with their medium by the addition of thiamine, which 
acts as a stimulating factor for L. casei. 

Assay Procedure. Inoculum tubes arc prepared 
by direct transfer from stock culture to 10 ml. of the 
diluted basal medium containing 1 fig, of riboflavin. 
After incubation for twenty-four hours at 37°, tlie 
culture is centrifuged and the cells are resuspended 
in 10 ml. of sterile physiological' sodium chloride. 
One drop of this suspension is used per tube for 
inoculation. 

Assays were carried out in 10 X 150-ram. Pyrex 
bacteriological culture tubes. To establish the 
standard curve, duplicate tubes were set up contain- 
ing the following concentrations of riboflavin: 0.00, 
0.05, 0.10, 0.15, 0.2, 0.3, and 0.5 fig. of riboflavin. 
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Various amounts of the materials to be assayed, esti- 
mated to contain between 0.025 to 0.2 lig. of 
riboflavin, are pipetted into additional tubes. Vol- 
umes up to 5 ml. of the unknown material may be 
used. Unknown samples were run in duplicate at 
three levels. Unless otherwise noted the tubes were 
incubated at 37° for seventy- two hours and the 
amount of lactic acid produced was determined by 
titration with 0.1 N NaOH, broraothj'mol blue 
being used as the indicator. 


Effect of Increasing Glucose and Buffer Content 
of Medium. — Follomng the suggestion of Stokes and 
Martin (11) the glucose content of the amino acid 
medium was increased from 1% to 2%, the sodium 
acetate from 0.6% to 1.8%. Contrary to their find- 
ings. there was no increase in aeid production; in fact 
the curves obtained were very erratic. 

Recovery Ejtperiments. — Yeast extract (Difeo) 
and a commercial B-complex elixir were assayed for 
riboflavin content using L. casei and L. delbriickii and 


Table I. — ^Amino Acid Basal Medium 


d/-Alanine 

400 mg. 

Glucose 

20 Gm. 

/ (-l-)-Arginine 

400 mg. 

Sodium acetate (anhydrous) 

12 Gm. 

d/-Aspartic acid 

400 mg. 

Adenine 

100 mg. 

1 (— )-Cystine 

400 mg. 

Guanine 

100 mg. 

1 (-f)-Glutamic acid 

400 mg. 

Uracil 

100 mg. 

Glycine 

400 mg. 

Inorganic salt solution A 

10 ml. 

I (— )-Histidine 

400 mg. 

Inorganic salt solution B 

10 ml. 

1 (— )-Hydroxyproline 

400 mg. 

Thiamine 

2 mg. 

dMsoleucine 

400 mg. 

Pyridoxine 

0.4 mg. 

if — )-Leucine 

400 mg. 

Calcium pantothenate 

0. 4 mg. 

d/-Lysine 

400 mg. 

Nicotinic acid 

0.8 mg. 

d^^Iethio^ine 

400 mg. 

/>-Aminobenzoic acid 

0.4 mg. 

di-Norleucine 

400 mg. 

Biotin 

10 MS- 

di-Phenylalanine 

400 mg. 

Folic acid" 

25 Mg. 

1 ( — ) -Proline 

400 mg. 

Adjust to pK 6. 6-6. 8 


di-Serine 

400 mg. 

Add distilled HjO to 

1000 ml. 

(//-Threonine 

400 mg. 



/ (— )-Tryptophane 

400 mg. 



/ ( — )-Tyrosine 

400 mg. 



(//-Vtdine 

400 mg. 




« Equivalent to 25 ng. of material of "potency 3100." Ejodly supplied by Dr. R. J. Williams of the University of Texas. 


Lactobacillus delbriickii as a Test Organism. — Al- 
though Lactobacillus casei is the standard organism 
used in the riboflavin assay, it seemed desirable to 
investigate the possibility of using another lactic 
acid bacteria. Stokes and Gunness (4, 7) have de- 
scribed the amino acid requirements of L. delbriickii 
LD5, and have used the organism for the assay of 
aspartic acid and serine. Their work has also con- 
firmed the fact that riboflavin is essential for L. del- 
briickii. Therefore, the groivth response of L. del- 
briickii to riboflavin in comparison with L. casei on 
Silber-Unna medium and the amino acid medium 
was studied. 

Comparison of Basal Media. — Growth response of 
L. casei and L. delbriickii on the three basal media, 
previously described, were studied as a controlled 
experiment. Assay tubes were set up in duplicate 
and all operations, solutions, and inocula were the 
same. The results of this experiment, as shown in 
Table II, indicate that there is fairly close correla- 
tion of growth response in the media tested. 

Effect of Time on Acid Production. — Since it was 
preriously reported by Tomlinson and Peterson (8) 
that a four-day incubation period was necessary for 
satisfactory growth on their synthetic medium for 
the assay of biotin, experiments were conducted with 
L. casei on the amino acid medium. With an incuba- 
tion period of ninety-seven hours, practically the 
same results were obtained as those following the 
seventj'-two hour incubation period. 


Table II. — Comparison of Acid Production 
WITH Different Sources of Nitrogen, ml. 0.1 N 
Acid per 10 ml. of Culture Medium 


T per ml. 

Silber- 

Amino 

Landy- 

Riboflavin 

Unna 

Acid 

Dicken 


Lactobacillus 

Casei 


0.00 

1.2 

1.55 

1.4 

0.05 

3.9 

4.85 

4.7 

. O.I 

5.5 

6.15 

6.2 

0.15 

6.9 

6.8 

6.6 

0.2 

8.4 

7.6 

8.2 

0.3 

9.5 

8.55 

9.0 

0.5 

10.3 

9.1 

10.5 


Lactobacillus delbriickii 


0.00 

1.1 

1.55 

1.4 

0.05 

3.6 

4.70 

4.8 

O.I 

5.4 

5.9 

5.8 

0.15 

6.9 

6.7 

6.6 

0.2 

8.2 

7.5 

7.6 

0.3 

9.6 

9.2 

9.0 

0.5 

9.9 

9.6 

10.0 


the amino acid medium. Recoveries of riboflavin 
added to these materials are quantitative within 
the experimental error of microbiological methods 
(Table III), 

Comparative Riboflavin Assays. — In order to have 
a basis for evaluating the amino acid medium, a num- 
ber of materials of widely different composition have 
been assayed in triplicate with this medium, and also 
that of the Silber-Unna modifieation (2) of the origi- 
nal Snell and Strong medium (1). In all cases, the 
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tempt was made to secure men who were 
specialists in a particular phase of pharmacy 
and who were cognizant of the needs of 
phannacy as a whole. 

Since this book is intended primarily as 
a teaching aid, the comments of the re\dew 
are so directed. 

Part one of the book deals with the Funda- 
mental Principles and Processes of Phar- 
macy. These are Metrology'; Specific Grav- 
ity and Specific Volume; Heat and Re- 
frigeration; Purification and Clarification; 
The Mechanical Subdivision of Drugs; Solu- 
tions; Colloids, Emulsions and Suspensions; 
Extractions; Bacteriologic Technique; and 
Preservation and Packaging. Of these chap- 
ters, Heat and Refrigeration; Solutions; 
Extractions; and Mechanical Subdivision of 
Drugs are good for freshman study. Me- 
trolog)' and Specific Gravity and Specific 
Volume are a little brief. They do not in- 
clude a sufficient number of illustrations to 
aid the student in mastering these subjects. 
The chapters on Purification and Clarifica- 
tion; and Colloids, Emulsions and Suspen- 
sions are excellent, but they are probably too 
advanced for beginning students. There 
seems to be little or no justification for the 
chapter on Bacteriologic Technique since 
this subject is taught in a separate course 
and later than the freshman year in most 
colleges. 

Part two of the book deals with Pharma- 
ceutical Preparations. The material is 
grouped under the conventional headings, 
such as Waters, Sjwups and Juices; Solu- 
tions; Injections; Infusions and Decoctions; 
Mucilages, Creams, Glycerogelatins, Glycer- 
ites and Collodion; Mixtures, Magmas and 
Gels; Soaps and Oleates; Liniments, Lo- 
tions, Petroxolins, and Spra 3 's; Ointments, 
Cerates, Plasters, and Cataplasms; Emul- 
sions; Suppositories; Spirits and Elixirs; 
Vinegars, Tinctures, Fluidextracts, Fluid- 
glvcerates and Extracts; Resins and Oleo- 
resins; Masses, Pills, Troches and Tablets; 
Powders, Capsules, Cachets, Oil Sugars, 
Cand\’ Medication and Triturations; and 
Effervescent Salts. In general, each of these 
subjects is treated well. There are some dif- 
ferences among the authors in the amount 
of emphasis placed on the techniques in- 


volved in the preparation of these pharma- 
ceuticals and some authors seem to stress 
the use of the preparation more tlian the 
manufacture of it. Here again it is noted 
that there is a wide difference in the levels 
of discussion of each group of preparations. 
For example, the chapter on Ointments, 
Cerates, Plasters and Cataplasms is e.xcel- 
lent but hardl}’' within the grasp of a student 
who is just starting his pharmaceutical- stud- 
ies. The chapter on Soaps and Oleates is of 
a similar nature. The order of arrangement 
of the chapters is purely arbitrary and the}' 
do not seem to have any particular connec- 
tion with each other. Not all official items 
are discussed; this is particularly true of the 
Chapter on Tinctures, Fluidextracts, etc. 

Part three of the book contains chapters 
on Vitamins; Honnones and Endocrine 
Glands; and Introduction to Biologicals. 
These chapters are considered all too brief 
to be of value in pharmaceutical education, 
particularly in those colleges that give two 
or more credit hours in each of these areas. 
Here again, this material is better suited tp 
advanced students. 

However, the book should serve as a valu- 
able reference to students, pharmacists, and 
others interested in the medical sciences. — 
E. P. Guth. 

Howell’s Textbook of Physiology, 15th Edi- 
tion. Edited by J. F. Fulton, with ten 
collaborators. W. B. Saunders Co., 
Philadelphia, 1946. xxxv -j- 1304 pp. 
15 X 23 cm. Price, .SS.OO. 

VOien a textbook reaches its fifteenth 
edition, it would scarcely seem necessary for 
it to be reviewed. However, Howell’s Text- 
book of Physiology, with this edition, has been 
rewritten completely by ten collaborators 
under the able editorship of Dr. J; F. 
Fulton. 

The text covers the entire field of physiol- 
og}', and the sections are developed in the 
usual pattern. Such an extensive book 
cannot be reviewed in detail with satisfac- 
tion; it is rather to be read and used.. In 
short, the book is thoroughly modernized, 
and although written by many authors, its 
continuity is excellent. — .Melvi.n W. Green. 
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A Study of Penicillin Ointments and Creams* 

Ey M. L. NEUROTH.t C, O, LEE, JOHN E. CHRISTIAN, and GLENN L. JENKINS 


A number of ointments and cream formulas 
containing penicillin were prepared and 
studied for their antibaaericidal aaivity 
against organisms. Tests were made by a 
new modified agar cup-plare method which 
was devised in the laboratories of the School 
of Pharmacy at Purdue University. 

INTRODUCTION 

Tn A PAPER dealing with the topical forms 
for the application of penicillin Lesser 
(1) stated that the greatest use of it by the 
general practitioner would be in the form of 
ointments and creams. Much smaller con- 
centrations of penicillin are needed for local 
applications than are required for parenteral 
use. 

The advantages of the topical application 
are several, such as (a) econom}’-, {b) greater 
concentration at the site of infection, (c) the 
effect of a single dose may be greatly pro- 
longed, {d) the response to treatment is 
more prompt, and (c) tlie drug is held in 

• Received Aug. IC, 1940, from the Pharmacy Research 
Laboratories, Purdue University, School of Pharraacy, 
Lafayette, Ind. 

Presented to the Scientific Section A. pit. A., Pittsburgh 
meeting, 194C. 

t Present address; Assistant Professor of Pharmacy 
School of Pharmac}*, Medical College of Virginia, Richmond. 


contact with the tissues longer when in the 
form of an ointment than when in aqueous 
solution. Lesser stated further that when 
the two basic problems, namely, the most 
suitable base and a more stable form of 
penicillin, were solved greater use of peni- 
cillin locally would be made. 

In the preparation of a penicillin ointment 
Bums (2) stated that the prime objective 
was to insure tlierapeutic activity and that 
the base used should not 'Only be smooth 
but as nearly neutral as possible. Such a 
preparation should also withstand steriliza- 
tion without much separation and re- 
emulsify easily upon cooling. Penicillin 
ointments should be kept as cool as possible. 

Greey and Hebb (3) studied nine different 
penicillin ointment formulas. The most 
stable formula was composed of stearic acid, 
fatty acid esters of sorbitan, and about 
77.0 per cent of water. 

Mentis (4) obtained excellent results in 
the treatment of impetigo on infants ivith 
a penicillin ointment composed of 500 units 
per gram of penicillin in Abbott’s hydrosorb 
base. On’ the otlier hand, Templeton (5) 
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andjtpjtJiera.4estetU^cvt‘r^L. ointments of 
penicillin, b}' the agar cup-plate inetliod, 
using aquaphor as the base, and little or no 
antibacterial activity was indicated. Re- 
ports sucli as these would make it seem that 
the character of the base makes a difference 
in the activity of penicillin when used 
topicall}’. 

PajTie (6) used a penicillin ointment, com- 
posed of 200 units per gram in a base of 
Lanette '\\'^ax 5x with 30 per cent water. 
He obsen^ed that if this was prepared in a 
copper pan it lost all of its antibacterial 
activity within three days but if prepared 
in a glass container the activity was more 
prolonged. 

Dahl (7) reported a number of bases 
which were satisfactory for use with peni- 
cillin. Differences in the retention of 
sodium penicillin b}’- various bases was noted. 
Calcium penicillin was preferable to sodium 
penicillin for ointments. The potency of 
penicillin ointments was longest in an- 
hydrous bases. 

The I^Iassachusetts College of Pharmacy 
(8) studied the problem of ointment bases 
for penicillin. Bases of the oil-in-water 
type were found to be the best vehicles 
especially when the water content was as 
much as 70 per cent. 

The statement has been made that for 
the treatment of bums and other super- 
ficial wounds, as well as for various skin 
infections, it is desirable to apply penicillin 
in a semisolid base. A base composed of 
equal parts of Lanette wax, soft petrolatum, 
and water has been proposed as being 
suitable (9). Lanette wax is a British 
product not readily available here but sub- 
stitutes for it have been proposed. 

EXPERIMENTAL 

The requirements of a satisfactory’ base for the 
topical application of penicillin have been reviewed. 
The object of this research has been to study various 
ointment and cream bases with penicillin incor- 
porated in them in an effort to develop a formula 
in which the activity of penicillin could be main- 
tained over an e.xtendcd period of time under re- 
frigeration. 

In the course of this study a modification of the 
agar cup-plate method was developed (10). The 
new method is simple and unique. It makes use 
of a heating element in the formation, in a sterile 


manner, of ttiiiform agar cups. This is accom- 
plished by statiding flat-cud Pyrex glass rods, 10 
turn, in Icngtli and any desired diameter, in liquid 
agar. The agar is allowed to harden and each of 
the glass rods is then heated by means of a small 
electric heating clement which, in the form of a 
loop, is slipped down over the exposed upper end 
of the rod. The rod, upon becoming warm, melts 
a surrounding film of the agar in which it stands, 
and is removed. The agar which melted at the 
base' of the rod forms an agar seal at the bottom of 
the cup. 

Four such cups were made in each Petri dish. 
Into one cup was placed about 0.50 Gm. of the 
control composed usually of the unmcdicated base. 
Ointments in 0.50-Gm. amounts and in varying 
concentrations of penicillin were placed in the other 
three cups. Next 5 cc. of inoculated agar was 
poured over the top of the base layer and allowed 
to cool. The inoculated agar consisted of 2 cc. of 
a sixteen- to eighteen-hour beef broth culture of 
Staphylococcus aureus in 100 cc. of melted agar. 
The Petri dish was then placed in an incubation 
oven in an inverted position and kept at 37° for 
sixteen to eighteen hours. 

The clear zones around the cups were very uni- 
form and varied in diameter according to the con- 
centration of the penicillin in the ointment. Figure 
1 shows the heating unit being used to remove one 
of the glass rods. Figure 2 shows the seeded agar 
plate after being incubated. The clear zones arc 
an indication of the antibacterial activity of the 
penicillin ointment. 






Figure 1. 


Preparation and Testing of Penicillin Oint- 
ments. — In the course of this study many ointment 
formulas were prepared and tested. Only three of 
them are reported in this paper. The formulas for 
these bases will be given, following which will be 
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tables summarizing the antibacterial activity of the 
ointments as indicated by a modified agar cup-plate 
method. Inasmuch as these formulas are pharma- 
ceutical preparations which should be compounded 
secundum arlem, the procedures for preparing them 
will be omitted. The data given in the tables are 
largely self-explanatory. 

Sodium penicillin was dissolved in a minimum 
amount of water and then incorporated into the 
bases. When those ointments which contained the 
penicillin in therapeutic concentrations were tested 
the plates showed no growth of the organisms. 



Therefore it was necessarj' to make tests upon 
ointments with a very low concentration of peni- 
cillin. The concentrations used were as follows: 
(a) one unit per gram, (6) one-half unit per gram, 
(c) one-fourth unit per gram, (d) control — the base. 
Portions of about 30 Gin. of each of the above 
ointments were made and tested at the time pre- 
pared and at intervals of several days. This was 
to obscn’c the loss of antibacterial potency with 
aging. The ointments were refrigerated during 
the test period. 

Formula 1 


Cetyl alcohol 4.50 Gm. 

Sodium lauryl sulfate 0.50 Gm. 

Stcaryl alcohol 12.90 Gm. 

White petrolatum 17.40 Gm. 

Cctaceura 17.40 Gm. 

Tween 20 2.30 Gm. 

Sterile distilled water 45.00 Gm. 


This base was used to prepare the three dilute 
ointments of penicillin as described above. Their 
antibacterial activity upon an eighteen to twenty- 


four hour culture of S, aureus, 209 P. is indicated 
in Table 1. The plain base was used as the control 
except when otherwise indicated by the agar cup- 
plate method. 

Table I 


Oiatmeots 

vrith Varying Antibacterial Activity Indicated 
Conceotratioas by Clear Zones Measured in Mm. 


Dates 

of Penicillm, 
Units/Gm. 

1 

Plates — 

2 3 

4 

9-22-45 

Control” 

42 

43 44 

44 

9-27-45 

Control 

0 

0 0 

0 

10-3-45 

Control 

0 

0 0 

0 

9-22-45 

1 

26.5 

26 27.5 

28 

9-27-45 

1 

22 

22,2 22 

22 

10-3-45 

1 

16 

16 15 

16 

9-22-45 

V”. 

22 

21.5 23 

21.5 

9-27-45 

’A 

13 

.. 13 

n 

9-22-45 

■A 

20 

21 19 

21 

10-3-45 

'A 

12.25 

10.5 11 

11 


“ The control in this instance was an ointment composed 
of 250 units of penicillin per gram and illustrates the fact 
that it is not practicable to test ointments of high penicillin 
concentration. 


Comments . — Two observations may be made 
from the resuits indicated in Table I. The first 
is that the width of the clear zones is in direct 
proportion to the concentration of penicillin in the 
ointment. The second is that the activity of the 
penicillin in the ointment decreased with age even 
though stored at a low temperature. 

Formula 2 


Stearic acid 20.0 Gm. 

Span 60 14.4 Gm. 

Span 80 2 0 Gm. 

•'IVeen20 5.6 Gm. 

Sterile distilled water 138.0 Gm. 


This formula resulted in a soft cream and was 
suggested by Greey and Hebb (3). The activity 
of penicillin in this base w'as tested after the manner 
described above. The results are given in Table 11. 


Table II 



Creams with 
Varj'Joe 
CoQccn- 
trations of 
PemeUVm, 
Units/Gm. 

Antibacterial Activity Indicated 
by Clear Zones Measured in Mm. 

Dates 

1 

2 3 

4 

8-24-45 

Control 

0 

0 

0 

0 

9-5-45 

Control 

0 

0 

0 

0 

9-8-45 

Control 

0 

0 

0 

0 

9-22-45 

Control 

37 

30 

37 

30 

8-24-45 

(250 units) 
1 

26.5 

27.5 

34.0 

23.5 

9-5-45 

1 

20.0 

20. 0 

25.5 

24.0 

9-8-45 

1 

20.5 

27.5 

24.0 

23,5 

9-22-45 

1 

17.0 

17.0 

10.5 

18.5 

S-24-45 

■A 

23.5 

24.5 

22.0 

21.0 

9-5-45 

V: 

23.5 

24.0 

24.0 

24.0 

9-8-45 

V: 

V: 

23.5 

24.5 

22.0 

21.0 

9-22-45 

IG.O 

10.5 

16.0 

15.5 

8-24-45 

V. 

20.0 

20.0 

18.0 

17.0 

9-5-45 

’A 

22.5 

24.0 

22.0 

24.0 

9-8-45 

'A 

20.0 

20.0 

18.0 

17.0 

9-22-45 

‘A 

10.0 

9 

10.0 

9.0 
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Comwcnls . — It should be observed that the 
control wliich consisted of the base only gave no 
e\-idcnce of any aiitibaeterial action. The control 
to which 250 units of penicillin was added showed 
marked activity. The creams with the ’A unit 
of penicillin per gram showed less antibacterial 
actiWty than the stronger creams. All creams main- 
tained acthnty for about sixteen days. By the 
thirtieth day all had shown a decided loss in bacterial 
activity. The ointments were stored at refrigerator 
temperature while being studied. 

Formula 3 


Cetyl alcohol 21.0 Gm. 

Cetaceum 12.1 Gm. 

MTiite petrolatum 21.0 Gm. 

Sodium lauryl sulfate 0.3 Gm. 

Sodium citrate 3.0 Gm. 

Urea 4.9 Gm. 

Sterile distilled water 37.7 Gm. 


This proved to be a satisfactory base. It was used 
to prepare penicillin ointments of the same con- 
centrations as those reported above, which were 
stored at refrigerator temperature while being tested. 

The antibacterial activity of the ointments pre- 
pared from this base are given in Table III. 


Table III 


Dates 

Ointments 

with Varying Antibacterial Activity Indicated 
Concentrations by Clear Zones Measured in Mm. 
of Penicillin. -Plates ■ - — . 

Units/Gm. 12 3 4 

9-14-45 

Control 

0 

0 

0 

0 

9-27-45 

Control 

0 

0 

0 

0 

9-14-45 

1 

19.50 

19.75 

19.50 

20.50 

9-27-45 

1 

20.00 

20.50 

20.25 

19.75 

9-14-45 

‘A 

16.50 

16.50 

17.90 

16.50 

9-27-45 

‘A 

16.50 

16.00 

15.50 

16.25 

9-14-45 

‘A 

13.00 

13.50 

13.00 

12.50 

9-27-45 

‘A 

12.50 

12.00 

12.75 

14.00 


Comments . — These ointments were tested but 
twice, thirteen days apart, and showed very little 
deterioration as to antibacterial activity during 
that time. A more prolonged study of the activity 
and stability of penicillin in this base should be 
made. 

Other Formulas. — In addition to these three 
formulas we studied, in the same manner, the anti- 
bacterial actirity of penicillin in (u) Simple oint- 
ment U. S. P. XI, (t) Hydrosorb, (c) Aquaphor, 
and (d) Aquaphor with 50% water incorporated. 
The test results were all negative indicating that 
these bases were not satisfactory for penicillin in 
low concentrations. 

The penicillin wa.s extracted from the Aquaphor- 
watcr ointment and tested. The results indicated 
that the penicillin had not been destroyed in the 
ointment but was rendered inactive in the base in 
the concentrations used. 


SUMMARY AND CONCLUSIONS 

Tvlany ointments and creams containing 
penicillin in concentrations of one unit, 
one-half unit, and one-fourth unit per gram 
have been tested. The most satisfactory 
formulas were those of the oil-in-water 
type emulsions containing some of the newer 
wetting agents. The presence of water in 
concentrations as high as 70 per cent in 
these bases, if kept at refrigerator tempera- 
tures, was not detrimental to penicillin. 
In fact those of high water content were 
the most satisfactory. 

The new modified technique which we 
have proposed for the agar cup-plate test 
makes it possible to evaluate the activity of 
penicillin without first having to extract it 
from the ointment. The availability of 
penicillin in ointments may be determined 
by observing the zones of inhibition on the 
agar plates. 

The penicillin was protected in the oint- 
ments by the addition of small amounts of 
sodium citrate and urea. It was fouud that 
the ointment could be sterilized by the 
method offered by Payne (6). 

This study has been made upon ointments 
and creams with very low concentrations of 
penicillin, which deteriorated rather rapidly 
at room temperature. However, ointments 
with high or therapeutic concentrations re- 
tained their antibacterial activity even 
after considerable exposure to room tem- 
perature. 

Finally we believe that this study in- 
dicates that a method of assay for penicillin 
in ointments and creams, by dilution after 
the manner of testing solutions, is possible. 
This would necessitate the development of 
a standard base. 
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A Simple Pipette Washer for the Average Laboratory* 

By JOHN H. BREWER 


T^any devices have been suggested for 
washing pipettes and there are several 
available on the open market. For the 
most part they have too great capacity and 
are too expensive for the average laboratory. 
Most of them operate as an automatic fill 
and drain siphon. The design herein de- 
scribed works on a similar principle but is 
unique in that it is one piece and may be 
used with any 1000-cc. graduate or cylinder 
which has a depth of about 16 inches. It 
differs from other designs in that it is not 
necessary to have a hole in the cylinder or 
container below the top rim or to have the 
water in the vessel rise above the siphon 
tube in order to start the siphon. This 
pipette washer also differs from the usual 
design, such as that described by Wads- 
worth (1) in that the water enters the 
cylinder through the same tube through 
which it is later discharged. 

The siphon (Fig. 1) is very easily con- 
structed of glass in the laboratory, although 
one made of metal or plastic has been found 
to give better service in that it is not 
readily broken. Tubing with a Vsrinch 
inside diameter has been found satisfactory 
and may be bent as shown. In use a piece 
of glass cloth or wire gauze should be placed 
in the bottom of the cylinder, or graduate, to 
prevent breaking of the pipette tips and to 
insure proper washing. 

Connect rubber tubing to siphon at point 
A (see diagram) and to water supply. Place 
tube B inside of cylinder containing pipettes 
to be washed and adjust water flow so that 
a liter graduate fills in approximately five 
minutes. The’ pipette washer will then 
operate flushing and refilling continuously. 
The washing operation should be conducted 
in a laboratory sink or on a drainboard. 

Irregularities in water pressure may cause 
the cylinder to overflow. If this occurs 
and the water pressure cannot be controlled, 


it is recommended that a pressure regulating 
valve, set for one pound, be placed in the 
line. 

Should it be necessary to w’ash a larger 
number of pipettes than can be held in a 
liter graduate, a Fyrex cylinder, six inches 
in diameter, is available and a stainless 
steel rack has been constructed to facilitate 
handling of the pipettes. 



A good technique in an average size 
laboratory is to place the wire or glass gauze 
in tire bottom of the cylinder and fill it 
half-full of disinfectant solution. This will 
prevent blood, milk, and other solutions 
from drying on the pipettes and making 
them hard to clean. At the close of the day 
the cylinder is carried to the sink and the 
pipette washer inserted and turned on. 
The next morning the pipettes will have 
rinsed about one hundred to two hundred 
times. To wash milk pipettes or other 
hard to clean or greasy ones, Calgonite with 
a wetting agent, or other good cleaning 
powders, should be used instead of lysol or 
otlier disinfectant solutions. 
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The Synthesis of Chemotherapeutic Agents. 

I.* The Synthesis of Certain Thio and 
Dithio Compounds^’^ 

By JOHN E. CHRISTIAN, GLENN L. JENKINS, LeROY C. KEAGLE, and JEAN ANN 

CRUM 


Investigation of 5,5'-diacetamido-8,8'-diquinolyl disulfide indicated that it possesses 
a relatively high antiinalarial activity. The report of this activity stimulated interest 
in the possible chemotherapeutic value of certain related thio and dithio compounds. 
This paper, the first of a series, describes the synthesis of sixteen compounds, eight 
of which are new, related to 5,5''diacetamido-8,8'-diquinolyl disulfide. Twelve of 
these compounds were tested for antimalarial activity and the results of these tests 
are tabulated. In addition some of the compounds were also subjected to screening 
tests against Trypanosoma brucei, influenza virus and tetanus toxin. 


A REPORT on the relatively high anti- 
malarial activity of 5,5'-diacetamido- 
S,S'-diquinolyl disulfide (1) aroused con- 
siderable interest in the synthesis and chemo- 
therapeutic activity of certain related thio 
and dithio compounds. This paper is the 
first of a series describing the synthesis and 
chemotherapeutic activity of a number of 
these compounds. 

The compounds reported here have been 
prepared in an effort to obtain substances 
of higher intrinsic activity and with better 
pharmacological properties. In addition to 
the usual antimalarial tests, some of these 
compounds have been subjected to screening 
tests against Trj'panosoma brucei, influenza 
virus, and tetanus toxin. 

Most of the compounds have been syn- 
thesized by methods described by Christian 
and Jenkins (3, 4). Compounds containing 
active halogens were treated with sodium 
disulfide, splitting out sodium chloride to 
form thio or dithio compounds. If tliere 
were nitro groups present, these were re- 
duced to the corresponding amino com- 
pounds using stannous chloride and hydro- 
chloric acid or sodium sulfide. 

EXPERIMENTAL 

1. S.S'-Dianuno-SjS'-diqumolyl Disulfide. — ^Two 
reduction procedures were found to give more 

• For a prevT'ous paper in this series, see Christian and 
Jenkins, Tms Jour.val. 34, 147HU(194j). 

t Received July 15, l‘J4G, from Purdue University, School 
of Pharmacy. Lafayette, Ind. 

Presented to the Scientific Section of the A. Pii, A., Pitts- 
burgh meeting, 1940. 

X The Work described in this paper was done in collabora- 
tion with Eli Lilly and Company and the Committee oo 
J.Iedical Research of the Office of Scientific Research and 
Development. 


satisfactory yields than previously reported. (A) 
A modification of the procedure using stannous 
chloride and hydrochloric acid described by 
Christian and Jenkins (2) and (B) the use of sodium 
sulfide (3). 

Procedure A. — Three-tenths gram of 5,5'-dinitro- 
8.8'-diquinolyl disulfide, the preparation of which 
was reported in a previous reference (4), was added 
with stirring all at once to a solution of 11.5 
Gm. of SnCl2.2H20 in 12 cc. of concentrated HCl 
cooled to 5°. The mixture was heated on a steam 
bath for one hour, cooled, and placed in the cold 
overnight. The precipitate was collected, sus- 
pended in 20 cc. of water, and 27 cc. of 50% NaOH 
added with cooling. Water (140 cc.) was added to 
insure complete solution of the sodium stannate 
formed. The solution was filtered and air bubbled 
slowly through the filtrate for twenty-four hours 
(hydrogen peroxide may be used instead of air for 
the oxidation of the thiol to the disulfide). The 
yellow disulfide which precipitates was filtered and 
recrystallized from acetone and water. The pure 
crystals melt at 225-226° with decomposition. 

2. 5,5^-DiacetamidO'8,8Ldiqumolyl Disulfide. — 
The procedure used was that described by Christian 
and Jenkins (2). 

3. 5,5' - Bis(p-acetamido-benzenesulfonamido)- 
8,8'-diquinolyl Disulfide.— The procedure used was 
that described by Christian and Jenkins (2). 

4. 6,6' - Dinitro - 2,2' - diquinolyl Sulfide. — ^The 
starting material, 2-chloro-O-nitroquinoline, for this 
reaction was supplied by the Committee on Medical 
Research (CMR) of the OfTicc of Scientific Re- 
search and Development (OSRD). On rccrystalli- 
zation from alcohol and acetone this substance 
melted at 235° (total immersion). 

To 1000 cc. of ethyl alcohol was added 20 Gin. of 
2-chloro-G-nitroquinoline and the mixture heated 
to reflux. Through a dropping funnel placed above 
the condenser a hot alcoholic solution of Na:S 2 , 
prepared by dissolving 11.2 Gm, of crystalline 
sodium sulfide (Na-S.OHiO) and 1.5 Gm. of sulfur 
in 11.5 cc, of hot alcohol, was added over a period of 
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one hour to the boiling mixture. After the addition 
was complete, the alcoholic mixture was refluxed 
for four hours. The mixture was cooled and the 
product separated by filtration, washed with water, 
and dried; 18.5 Gm. yield (48% of the theoretieal). 
Several lecrystallizations from nitrobenzene or a 
mixture of nitrobenzene and pyridine yielded lemon- 
yellow crystals melting at 254-256° (total immer- 
sion). 

Awal.—Calcd. for C.sHioN^O^S: N, 14.82%. 
Found: N. 14.22%. 

5. 6,6'-Diammo-2,2'-diquinolyl Sulfide. — To a 
solution of 46 Gra. of SnClj.flHjO in 48 cc. of con- 
centrated HCl cooled to 5° was added all at once 
with stirring 4.3 Gm. of 6,6'-dinitro-2,2'-diquinolyl 
sulfide. The mixture was heated on a steam bath 
for two hours, cooled, and filtered. The tin salt 
collected was suspended in 80 cc. of water, and 110 
cc. of 50% NaOH added with cooling. Water (500 
cc.) was added and the mixture filtered. The 
yellow precipitate was recrystalUzed from acetone 
and water using decolorizing charcoal to aid puri- 
fication. Yield 5.5 Gra. (53.7% of the theoretical), 
ra. p. 241-242° (total immersion). 

Anal. — Calcd. for CisHuNjS: 8,10.06%. Found: 

8 . 10 . 10 %. 

6. 8,8'-Dimtro-7,7'-diquinolyl Sulfide. — ^The 
starting material, 7-chloro-8-nitroquinolme, was 
supplied by CMR; m. p. 182-184°. 

To 200 cc. of alcohol was added 20 Gm. of 7- 
chloro-8-nitroquinoline and the mixture heated to 
reflux. A hot alcoholic solution of NajSj, prepared 
by dissolving 11.1 Gra. of NajS.OH.O and 1.5 Gm. 
sulfur in 110 cc. of hot alcohol, was added over a 
period of one hour. After the addition was com- 
plete the mixture rvas refluxed for four hours. The 
mixture was cooled and the product separated by 
filtration, washed with water and dried; 14.5 Gm. 
yield (38% of the theoretical). Several rccrystalli- 
zations from pyridine and alcohol yielded a product 
melting at 265-266° (total immersion). 

A«a(.— Calcd. for CisHioN^OrS; S, 8.47%; N. 
14.82%. Found: 8, 8.63%; N. 14.09%. 

7. 8,8' - Diamino - 7,7’ - diquinolyl Sulfide. — 
Pure 8,8'-dinitro-7,7'-diquinolyl sulfide (13.3 Gm.) 
was added slowly with cooling to a solution of 72 
Gm. SnCl:.2H20 in 70 cc. of concentrated HCl. 
The mixture was heated on a steam bath for two 
hours, cooled, filtered, and dried. Twenty-nine 
grams of the tin complc-v was obtained. This com- 
plex was heated with 250 cc. of 2.0% NaOH and 
the mixture extracted rrith acetone. The product 
was precipitated from the acetone upon the addition 
of water; 9.4 Gm. crude sulfide. 8evcral recry'stal- 
lizations from acetone and water mixtures jnelded 
6.5 Gm. (56.7% of the theoretical) of pure sulfide 
melting at 149-50° (total immersion). 

Awa/.— Calcd. for CisH„N,S: 8, 10.06%; N, 
17.61%. Found: 8, 9.80%,; N, 17.49%. 

8. /3,d' - Dianthraquinone Disulfide. — P- 
Chloroanthraquinone (30 Gm.) was dissolved in 
150 cc. of refluxing alcohol and to this hot solution 


was added a tvarm solution of NajSj. prepared by 
dissolving 14.6 Gm. Na-S.OHjO and 1.9 Gm. sulfur 
in 140 cc. of alcohol. The mixture was refluxed 
for four hours, cooled, and filtered. The pre- 
cipitate was washed rrith water and alcohol and 
dried. The product, 2.3 Gm. (39% of theory), 
was recrystallized from a pyridine and alcohol 
mixture, m. p. 264-205° (total immersion). Gatter- 
man (10) reported a melting point of 257°. 

A«a/.— Calcd.forCjsHiAS:: 8,13.39%. Found: 
8, 13.34%. 

9. 2,2'-Dichloro-dibenzyl Disulfide. — This com- 
pound was prepared by Speroni (5) by a different 
procedure. o-Chlorobenzyl-chloride (30 Gm.) was 
dissolved in 150 cc. of reflu.xing alcohol. To the hot 
alcoholic solution a warm solution of Na-Sj, pre- 
pared by dissolving 21.8 Gm. of Na.S.OHjO and 
2.9 Gm. sulfur in 210 cc. of hot alcohol, was added 
slowly. The refluxing was continued for one hour 
and the mixture allowed to cool. The precipitate 
was w'ashcd with water and recrystallized from 
alcohol; 28 Gm. (96% of theory), m. p. 89-90° 
(total immersion). 

10. 4,4' - Dichloro-dibenzyl Disulfide. — This 
compound was prepared by Jackson and White (6). 
f>-Chlorobenzylchloride (30 Gm.) was dissolved in 
150 cc. of refluxing alcohol, and the procedure 
carried out as described above. The product, 27 
Gm. (93% of theory), was recrystallizcd from 
alcohol; m. p. 58-59° (total immersion). 

11. 3,3',4,4' - Tetrachloro-dibenzyl Disulfide. — 

3.4- Dichlorobenzyl chloride (30 Gm.) was refluxed 
with 150 cc. of alcohol for one-half hour. To the 
hot alcoholic solution was added a wann solution 
of Na-S;, prepared by dissolving 17.9 Gm. of 
NajS.OHjO and 2.4 Gm. sulfur in 170 cc. of hot 
alcohol. The refluxing was continued for one hour 
and the mixture allowed to cool. The precipitate 
which formed was washed with water and re- 
crystallized from alcohol; 26 Gm. (89% of theory), 
m. p. 94-95° (total immersion). 

Calcd. for CijHii.CliSj: S, 16.66%; Cl, 
37.00%. Found: 8, 16.81%,: Cl, 37.08%,. 

12. 2,2',4,4'-Tetrachloro-dibenzyl Disulfide. — 

2.4- Dichlorobenzyl chloride (30 Gm.) was refluxed 
with 150 cc. of alcohol for one-half hour, and the 
procedure continued as described above. The 
product, 25 Gm. (84% of theory), was recrystalUzed 
from alcohol; m. p. 74-75° (total immersion). 

Ana/.— Calcd. for CnHioChSj: 8, 16.06%; Cl, 
37.00%. Found: 8,16.75%; Cl, 37.09%. 

13. 8,8'-Dmitro-5,5'-diisoquinolyl Sulfide. — 
Ethyl alcohol (200 cc.) and 20 Gm. of o-chloro-S- 
nitro-isoquraolinc were placed in a flask and re- 
fluxed for one-half hour. To this hot solution was 
added slowly a warm solution of Na-S;, prepared 
by dissolring 11.1 Gm. of Na;S.9HsO and 1.5 Gm. 
of sulfur in 110 cc. of hot alcohol. The mixture 
was refluxed for four hours, cooled, and filtered. 
The yellow product, 15.8 Gm. (40.2% of theory), 
was rccrj'stalUzed from pj-ridinc and alcohol; m. p. 
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242-244° (total immersion). Attempts to reduce 
this compound to the corresponding amino com- 
pound failed. 

Alia!. — Calcd. for CisHioXiOjS: S, S.47%; N, 
14.S2(7- Found: S, S.SO/^; N, 14.97%. 

14. S,5'-Diiiitro-l,l'-diisoqumolyl Disulfide. — ^ 
l-Chloro-5-nitroisoquinolinc (20 Gm.) was dissolved 
in 500 cc. of hot alcohol. To this hot solution was 
added a warm solution of Na;Sj, prepared by dis- 
solving 11.1 Gm. Na.S.OHjO and 1.5 Gm. sulfur 
in 110 cc. of hot alcohol. The mixture was refluxed 
for four hours, cooled, and filtered. The product, 
10.3 Gm. (41.2% of theory), was recr 3 ’’Stallized from 
a mixture of pjTidine and aleohol, m. p. 265-266° 
(total immersion). 

Ana/.— Calcd. for C.jH.oN.G.a.: S, 15.61%; N, 
13.00%. Found: S, 15.44%; N, 13.84%. 

15. 2,2',4,4'-Tetraiutrodiphenyl Disulfide. — A 
modification of the procedure described by Elgersma 
(7) and Teppema and Scbrell (8) was used. The 
starting materials were 2,4-dinitrochlorobenzene 
(53.4 Gm.), alcohol (675 cc.), crystalline NajS.fiHjO 
(32 Gm.), and sulfur (4 Gm.). The product, after 
washing with water, alcohol, and ether, was almost 
pure and weighed 43.5 Gm. (83% of theory). After 
recrystallization from nitrobenzene the product 
decomposed at 280°. Elgersma (7) reports the 
decomposition point as 280°. 

16. 2,2',4,4'-Tetra-animodiphenyl Disulfide. — 
2,2',4.4'-Tetranitrodiphenyl disulfide (12 Gm.) was 
mixed with a solution of 91 Gm. SnCIj.2H20 in 
95 cc. of concentrated HCl. The mixture was 
heated on a steam bath for twenty hours, cooled, 
filtered, and the filtrate diluted with water and made 
alkaline with 15% NHiOH. Air was passed through 
the solution for twenty-four hours and the product 
(1.5 Gm.) filtered off. Rccrystallization from a 
mixture of benzene and alcohol gave a product 
melting at 147-148° (total' immersion). Muller 
(9) reported a melting point of 146-147°. 

Chemotherapeutic Activity.' — Table I indicates 
the antimalarial activ’ity of some of the compounds 
prepared. 

Compounds numbered CJ-2, CJ-1, CJ-115-2, 
CJ-601-1, and CJ-3 (Table I) have been tested 
against tetanus toxin in mice. None of the drugs 
were effective. 

Compounds numbered CJ-2, CJ-1, CJ-106-2, CJ- 
115-2, CJ-601-1, and SN 8167 have been subjected 
to standardized Swiss mouse therapeutic tests against 
influenza virus. None of the drugs have produced 
any significant cures. 

Tlierapy tests with compound number SN 8167 
were conducted on rats infected with Tr 5 ’panosoma 
brucei, ^vith intrapcritoncal doses ranging from 50 
mg. to 75 mg. per rat. No trypanocidal action was 
detected. 


i We are iodebted to EH Lilly and Company for permission 
to quote the results of chemotherapcuttc tests and for much 
helpful discu.^sinn. 


Table I 


Name 

5,5'-Diamino-8,8'- 
diquinolyl disulfide 

5,5'-Diacetamido-8,8'- 
diquinolyl disulfide 

5-(f>-Aminobenzene- 

su!fonamido)-S- 

chloroquinoline' 


5-(f)-Acetamidobenzene- 

sulfonamido)-8-chloro- 

quinoline' 

5.5'-bis(J>-Acetamido- 
benzenesulfonamido)- 
8,8'-diquinolyl di- 
sulfide 

8,8'-Diamino-7,7 '-di- 
quinolyl sulfide 

Sodium-5-amino-quino- 

line'8-sulfonate' 

2,2',4,4'-Tetrachloro- 
dibenzyl disulfide 

3,3',4,4'-Tetrachloro- 
dibenzyl disulfide 

2,2'-Dichloro-dibenzyl 

disulfide 

4,4'-Dichloro-dibenzyl 

disulfide 

fi.fi'-Dianthraquinonc 

disulfide 


Number 

Antimalarial 

Activity^ 

SNS167» 

Q. 1.07 

SN 9583 

Toxicity LDn, 
1760 mg./Kg. 
Q. 4.0 

CJ-1 

Toxicity LD 
2500 mg./Kg. 
Inactive 

CJ-2 

1-50 Gm. 

Q. 0.16 i 
Toxicity LVut 
2500 mg./Kg. 
Inactive 

CJ-5 

5-200 mg. 
Q, 0.08 i 
Inactive 

CJ-105-2 

1-50 mg. 

Q, 0.16 i 

Q, 0.2 i 

CJ-1 16-1 

Q. 0.2 i 

CJ-243-1 

Inactive 

CJ-244-1 

5-100 mg. 
Q, 0.12 i 
Inactive 

CJ-245-1 

5-100 mg. 
Q. 1.12 i 

Inactive 

CJ-246-1 

5-100 mg. 
Q, 0.12 i 
Inactive 

CJ-601-1 

5-100 rag. 
Q, 0.12 i 
Inactive 

5-100 mg. 
Q, 0.16 i 


a sti Survej^ number, an identifying number for com- 
pounds which will appear in a forthcoming monograph 
entitled “A Survey of Antimalarial Drugs, 19‘11--1946,’' 
F. Y. Wiselogle, Editor. 

t Antimalarial activity as reported by Eli Lilly and Com- 
pany. The screening tests were obtained with ducks in- 
fected with Plasmodium lophurae. 

* Compounds, the synthesis of which have been previously 
reported by Christian and Jenkins (2). 


SUMMARY 


1. The synthesis of a number of new 
thio and dithio compounds has been de- 
scribed. 

2. The antimalarial activity and results 
of otlier chemotherapeutic tests of these 
compounds have been presented. 
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II.* The Synthesis of Certain Thio and 
Dithio Compounds^'^ 

By JOHN W. WETZEL, DONALD E. WELDTON, JOHN E. CHRISTIAN, GLENN L. 
lENKINS, and G. BRYANT BACHMAN 


In this paper, the second of a series, the con- 
tinuation of a study of certain thio and dithio 
compounds related to 5,5'-diacetamido-8,8'- 
diquinolyl disulfide is described. Of the four- 
teen sulfur compounds synthesized and char- 
acterized, which are described in this paper, 
twelve are new. Several of these have under- 
gone screening tests for antimalarial aaivity. 
Incidental to the syntheses reported new 
methods are described for the preparation 
of 2,3- and 4-chloro isomers of 5-nitro- 
quinoline. 

^P'his is a report on the continuation of 
a study of certain thio and dithio com- 
pounds the preparation of which were indi- 
cated in an effort to produce compounds of 
higher pharmacological activity and better 
pharmacological properties than a rdated 
compound, 5,5'-diacetamido-8,8'-diquinolyl 
disulfide, which has been shown to possess 
antimalarial activity (1). 

In this paper 14 additional compounds 
have been described, some of which have 
been tested for antimalarial activity. 

EXPERIMENTAL 

1. 3,3'-Dinitro-4,4'-diqumolyl Sulfide. — solu- 
tion of 12.0 Gra. of Na-S.9H-0 in 30 cc. of water 
was diluted with 100 cc. of methanol; 1.60 Gm. of 
powdered sulfur was added, and the mixture warmed 
until solution was complete. The resulting solution 
of Na 2 S 2 was cooled to room temperature and added 
slowly to a well-stirred and cooled solution of 20.8 
Gm. of powdered 3-nitro-4-chloroquinolinc in 40 cc. 
of chloroform, keeping the temperature at 20-25'’. 
The mixture was stirred for thirty minutes after 
all the NajS, was added and the precipitate of 
3,3'-dinitro-4,4'-diquinolyl sulfide filtered off, 
washed with methanol, stirred with excess dilute 
NaOH, washed with water, and dried. Yield 19.7 
Gm. (90% of theory) of yellow crystals which began 
to decompose and darken at about 200° and eventu- 
ally melted with decomposition. No definite melt- 

* For previous papers ia thi*' •■'•rir*? rer 
Jenkins, Tins Journal, 34, 147— ‘li'-' !!• V'l' . a;vl .15, 

t Received July 15, 194C, from i 1 

of Pharmacy, Lafayette, Ind. 

Presented to the Scientific Section of the A. Pn. A., Pitts- 
burgh meeting, 194G. 

t The work described in this paper was done in collabora- 
tion with Eli J^illy and Company and the Committee on 
Medical Research of the Oflice of Scientific Research and 
Development, 


ing point could be obtained even after several re- 
crystallizations from toluene. 

A«a/.— Calcd. for CisHwN.OiS: N, 14.81%. 
Found: N, 14.84%. 

Comments: It was e.xpected that the above 
reaction would jddd the disulfide. Analysis indi- 
cated that the product was the sulfide. This was 
confirmed by substituting NajS for Na-Sj in the 
synthesis. 

A mixture of 20.8 Gm. of 3-nitro-4-chloroqumoIiae 
in 40 cc. of chloroform was stirred while a solution 
of 12.0 Gm. of NajS.SHjO in 30 cc. of H20 and 100 
cc. of methanol was added dropwise for ten to 
fifteen minutes, keeping the temperature below 
25°. The mixture was stirred for thirty minutes 
after all the Na 2 S had been added, then filtered. 
The residue was washed with methanol, suspended 
in tvater, and made alkahne with NaOH, filtered, 
and the residue washed with water and dried. The 
yield of 3,3'-dinitro-4,4'-diquinolyl sulfide was 
17.0-18.0 Gm. (90-95% of theory). The product 
was identical vnth the product from the Na 2 S 2 
reaction. 

Atm/.— Calcd. for C„H,oN,0,S: N, 14.81%. 
Found: N, 14.77%. 

2. 3'Amino-4-quinoUnethiol. — A mixture of 18.9 
Gm. of crude 3,3'-dinitro-4,4'-diquinolyl sulfide, 
92 Gm. (10% excess) of Na2S.9H20, and 300 cc. 
of 50% alcohol w-as stirred and heated slowly to 
boiUng, refluxed for two hours, cooled slightly, 
slowly acidified with 100 cc. of concentrated HCI, 
and cooled to room temperature. The 3-amino-4- 
quinolinethiol hydrochloride was filtered off, tvashed 
with 50% alcohol, and suspended in 200 cc. of water. 
Concentrated NaOH was added until the solution 
was strongly basic and 1 to 2 Gm. of anhydrous 
Na 2 S 02 was added and the mixture stirred until the 
orange tliiol had disappeared. Th? sulfur was 
filtered off, the filtrate treated with charcoal without 
heating and filtered again. The clear filtrate was 
treated, with stirring, witli glacial acetic acid, 
added dropwise until the ^H fell to about 5. The 
mixture was allowed to stand for fifteen to thirty 
minutes and filtered. The ciystaUine product was 
washed with water and dried over P 2 O 5 . Yield 
16.2-17.6 Gm. (92-100% of the theory) of orange 
needles, which began to decompose at about 190 ° and 
slowly carbonized. On reciystallization tlic prod- 
uct was easily o.xidized to the distdfidc; therefore 
the crude product was used for further s>'nthcsts. 

3. 3,3 '-Diamino- 4,4' -diquinolyl Disulfide. — 
A solution of 10.6 Gm. of crude 3-amino-4-quinoIine- 
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242-244° (total immersion). Attempts to reduce 
tliis compound to the corresponding amino com- 
pound failed. 

Aval — Calcd. for CuHioXtOiS: S, S.47%; N, 
14.82^7. Found: S, SS09i; N. 14.97%. 

14. 5,5'-Dinitro-l,l'-diisoqtunolyl Disulfide. — ^ 
l-ChIoro-5-nitroisoquinolinc (20 Gm.) was dissolved 
in 500 cc. of hot alcohol. To this hot solution was 
added a warm solution of Na-Sr, prepared by dis- 
sol\-ing 11.1 Gm. Nai^S.OH-O and 1.5 Gm. sulfur 
in 1 10 cc. of hot alcohol. The mixture was refluxed 
for four hours, cooled, and filtered. The product, 
10.3 Gm. (41.2% of theory), was recrystallized from 
a mixture of pyridine and alcohol, m. p. 265-266° 
(total immersion). 

Ana/.— Calcd. for CisH.oN^O^S. : S, 15.61%; N, 
13.60%. Found: S, 15.44%; N, 13.84%. 

15. 2,2',4,4'-Tetranitrodiphenyl Disulfide . — A 
modification of the procedure described by Elgersma 
(7) and Teppema and Scbrell (8) was used. The 
starting materials were 2,4-dinitrochlorobenzene 
(53.4 Gm.), alcohol (675 cc.), crystalline NajS.OHjO 
(32 Gm.), and sulfur (4 Gm.). The product, after 
washing with water, alcohol, and ether, was almost 
pure and weighed 43.5 Gm. (83% of theory). After 
recrystallization from nitrobenzene the product 
decomposed at 280°. Elgersma (7) reports the 
decomposition point as 280°. 

16. 2,2',4,4'-Tetra-aminodiphenyl Disulfide. — 
2,2',4,4'-Tctranitrodiphenyl disulfide (12 Gm.) was 
mixed with a solution of 91 Gm. SnClj.2H20 in 
95 cc. of concentrated HCl. The mixture was 
heated on a steam bath for twenty hours, cooled, 
filtered, and the filtrate diluted with water and made 
alkaline with 15% NHiOH. Air was passed through 
the solution for twenty-four hours and the product 
(1.5 Gm.) filtered off. Rccrystallization from a 
mixture of benzene and alcohol gave a product 
melting at 147-148° (total' immersion). Muller 
(9) reported a melting point of 146-147°. 

Chemotherapeutic Activity.* — Table I indicates 
the antimalarial activity of some of the compounds 
prepared. 

Compoimds numbered CJ-2, CJ-1, CJ-115-2, 
CJ-601-1, and CJ-3 (Table I) have been tested 
against tetanus toxin in mice. None of the drugs 
were effective. 

Compounds numbered CJ-2, CJ-1, CJ-106-2, CJ- 
115-2, CJ-601-1, and SN 8167 have been subjected 
to standardized Swiss mouse therapeutic tests against 
influenza \'irus. None of the drugs have produced 
any significant cures. 

Therapy tests with compound number SN 8167 
were conducted on rats infected with Trypanosoma 
brucci, with intraperitoneal doses ranging from 50 
mg. to 75 mg. per rat. No trypanocidal action was 
detected. 


^ \Vc arc indebted to Itli Lilly and Company for permission 
to quote the results of chemotherapeutic tests and for much 
helpful discussion. 


Table I 


Antimalarial 

Number Activity^ 

SNS167» Q, 1.07 

Toxicity ADm 
1760 mg./Kg. 


Name 

5,5'-Diaraino-8,S'- 
diquinolyd disulfide 

5,5'-Diacetamido-8,8'- 
diquinolyl disulfide 

5-(^-Aminobenzene- 

sulfonamido)-8- 

chloroquinoline' 


5-(p-Acetamidobenzene- 

sulfonamido)-8-chloro- 

quinoline' 

5,5'-6is(/>-Acetamido- 
benzenesulfonamido)- 
8,8'-diquinolyl di- 
sulfide 

8,8'- D iamino-7,7 '-di- 
quinolyl sulfide 

Sodium-5-amino-quino- 

line-8-sulfonate' 

2,2',4,4'-Tetraehloro- 
dibenzyl disulfide 

3,3',4,4'-Tetrachloro- 
dibenzyl disulfide 

2,2'-Dichloro-dibenzyl 

disulfide 

4,4'-Dichloro-dibenzyl 

disulfide 

l3,fl'-Dianthraquinone 

disulfide 


SN 9583 

Q. 4.0 

Toxicity LD 
2500 mg./Kg. 

CJ-1 

Inactive 

1-50 Gm. 

Q, 0.16 i 
Toxicity LD^ 
2500 mg./Kg. 

CJ-2 

Inactive 
5-200 mg. 
Q, 0.08 i 

CJ-5 

Inactive 

1-50 mg. 

Q, 0.16 i 

CJ-105-2 

Q, 0.2 i 

CJ-1 16-1 

Q, 0.2 i 

CJ-243-1 

Inactive 
5-100 mg. 
Q, 0.12 i 

CJ-244-1 

Inactive 

5-100 mg. 
Q, 1.12 i 

CJ-245-1 

Inactive 

5-100 mg. 
Q. 0.12 i 

CJ-24C-1 

Inactive 

5-100 mg. 
Q, 0.12 i 

CJ-601-1 

Inactive 
6-100 mg. 
Q. 0.16 i 


® SN = Survey number, an identifying number for com- 
pounds which will appear in a forthcoming monograph 
entitled "A Survey of Antimalarial Drugs, 1941-1945,” 
F. Y. Wiseloglc, Editor. 

Antimalarial activity as reported by Eli Lilly and Com- 
pany. The screening tests were obtained with ducks in- 
fected with Plasmodium lophurae. 

* Compounds, the synthesis of which have been previously 
reported by Christian and Jenkins (2). 


SUMMARY 


1. The synthesis of a number of new 
thio and dithio compounds has been de- 
scribed. 

2. The antimalarial activity and results 
of other chemotherapeutic tests of these 
compounds have been presented. 
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11.* The Synthesis of Certain Thio and 
Dithio Compounds^’^ 

By JOHN W. WETZEL, DONALD E. WELDTON, JOHN E. CHRISTIAN, GLENN L. 
JENKINS, and G. BRYANT BACHMAN 


In this paper, the second of a series, the con- 
tinuation of a study of certain thio and dithio 
compounds related to 5,5'-di3cetamido-8,8'- 
diquinolyl disulfide is described. Of the four- 
teen sulfur compounds synthesized and char- 
acterized, which are described in this paper, 
twelve are new. Several of these have under- 
gone screening tests for antimalarial a«ivity. 
Incidental to the syntheses reported new 
methods are described for the preparation 
of 2,3- and 4-chloro isomers of 5-nitro- 
qulnoline. 

^T*his is a report on the continuation of 
a study of certain thio and dithio com- 
pounds the preparation of which were indi- 
cated in an effort to produce compounds of 
higher pharmacological activity and better 
pharmacological properties than a related 
compound, 5,5'-diacetamido-8,S'-ciiquinolyl 
disulfide, which has been shown to possess 
antimalarial activity (1). 

In this paper 14 additional compounds 
have been described, some of which have 
been tested for antimalarial activity. 

EXPERIMENTAL 

1. 3,3'-Dimtro-4,4'-diqumolyl Sulfide. — A solu- 
tion of 12.0 Gm. of Na 2 S. 9 H 50 in 30 cc. of water 
was diluted with 100 cc. of methanol; 1.60 Gm. of 
powdered sulfur was added, and the mixture warmed 
until solution was complete. The resulting solution 
of NajSj was cooled to room temperature and added 
slowly to a well-stirred and cooled solution of 20.8 
Gm. of powdered 8-mtro-4-chloroquinoline in 40 cc. 
of chloroform, keeping the temperature at 20-25°. 
The mixture was stirred for thirty minutes after 
all the Na.Sj was added and the precipitate of 
3.3'-dinitro-4,4'-diquinolyl sulfide filtered off, 
washed with methanol, stirred witli excess dilute 
NaOH, washed with water, and dried. Yield 19.7 
Gm. (96% of theory) of yellow crystals which began 
to decompose and darken at about 200° and eventu- 
ally melted with decomposition. No definite melt- 

* Tor previous papers in this series see Christian and 
Jenkins, Tins Journal, 34, 147-49(1945), and 35, 328(1940). 

t Received July 15, 1940, from Purdue University, School 
of Pharmacy, Lafayette, Ind. 

Presented to tlie Scientific Section of the A. Pii. A., Pitts- 
burgh meeting, 194C. 

^ J The work described in this paper was done in collabora- 
tion with lili Lilly and Company and the Committee on 
Medical Research of the OfTice of Scientific Research and 
Development, 


ing point could be obtained even after several re- 
crystallizations from toluene. 

Ana/.— Calcd. for C,sH,„N<0,S: N, 14.81%. 
Found; N, 14.84%. 

Comments: It was expected that the above 
reaction would yield the disulfide. Analysis indi- 
cated that the product was the sulfide. This was 
confirmed by substituting Na-S for Na-Si in the 
synthesis. 

A mixture of 20.8 Gm. of 3-nitro-4-chIoroquinoline 
in 40 cc. of chloroform was stirred while a solution 
of 12.0 Gm. of NajS.OHjO in 30 cc. of H-O and 100 
cc. of methanol was added dropwise for ten to 
fifteen minutes, keeping the temperature below 
25°. The mixture was stirred for thirty minutes 
after all the Na-S had been added, then filtered. 
The residue was washed with methanol, suspended 
in water, and made alkaline with NaOH, filtered, 
and the residue washed with water and dried. The 
yield of 3,3'-dinitro-4,4'-djquinolyl sulfide was 
17.0-18.0 Gm. (90-95% of theory). The product 
was identical with the product from the NajSs 
reaction. 

Anal.—Caied. for C:8H,oN,0,S: N, 14.81%. 
Found: N, 14.77%. 

2. 3-Amino-4-quinolinethioI. — ^A mixture of 18.9 
Gm. of crude 3,3’-dinitro-4,4'-diquinolyl sulfide, 
92 Gm. (10% excess) of NajS.OHjO, and 300 cc. 
of 50% alcohol was stirred and heated slowly to 
boiling, refluxed for two hours, cooled slightly, 
slowly acidified with 100 cc. of concentrated HCl, 
and cooled to room temperature. The 3-amino-4- 
quinolinethiol hydrochloride was filtered off, washed 
with 50% alcohol, and suspended in 200 cc. of water. 
Concentrated NaOH was added until the solution 
was strongly basic and 1 to 2 Gm. of anhydrous 
NajSO, was added and the mbeture stirred until the 
orange thiol had disappeared. The sulfur was 
filtered off, the filtrate treated rvith charcoal without 
heating and filtered again. The clear filtrate rvas 
treated, with stirring, with glacial acetic acid, 
added dropwise until the pH fell to about 5. The 
mixture was allowed to stand for fifteen to thirty 
minutes and filtered. The crystalline product was 
washed with water and dried over P-Oj. Yield 
16.2-17.6 Gm. (92-100% of the theory) of orange 
needles, which began to decompose at about 190 ° and 
sloxvly carbonized. On recry'stallization the prod- 
uct was easily oxidized to the disulfide; therefore 
the crude product was used for further synthesis. 

3. 3,3'-Diainino-4,4'-diquino!yl Bisulfide. — 
A solution of 10.6 Gm. of crude 3-amino-l-quinoEnc- 



332 


JOURN^VL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


thiol in 00 cc. of pj-ridine was stirred and cooled 
while 12.0 Gm. of solid I; was added slowly. The 
solution became deep red and heat was evolved. 
Ten grams of Xa-COj dissolved in 100 cc. of water 
was added slowl}-, the mixture stirred, allowed to 
cool to room temperature, filtered and the residue 
washed well with water. The yellow crystals, after 
drj-ing at 00°, became orange in color and melted 
at 120-125°, resolidified to an orange solid and 
melted at 157°. Heated slowly, the crj-stals turned 
orange above 100° and melted at 157°; yield 16.0 
Gm. (90*^ of tlicory). If rccrystallized from alcohol 
and water the m. p. is raised to 169-171° (decomp.). 

Anal. — Calcd. for CifHn^^S;: N, 16.00%. 
Found: X, 15.S97o. 

4. 3-Acetylamino-4-quiilolinethiol . — A solution 
of 10.7 Gm. of crude 3-amino-4-quinolinethiol in 
40 cc. of pyridine was stirred xdgorously while 20 
cc. (100% excess) of acetic anhydride was added 
rapidly. The mixture was stirred ten to fifteen 
minutes, 150 cc. of boiling water added, stirred, 
and cooled to room temperature. The product was 
filtered off, washed with water and dried. Yield, 
19.9 Gm. (96% of theory). Rccrystallization from 
pyridine yielded pure 3-acetylamino-4-quinoline- 
thiol as yellow needles which darkened about 250° 
and melted with evolution of gas at about 260-264°. 

^na/.— Calcd. CuHioXjOS; N, 12 84. Found: 
N, 12.83. 

5. 5-Nitroquinoline. — The procedure used for 
the nitration of quinoline was a combination of that 
used by Dufton (4) and Fiescr and Hershberg (5). 
The modifications wore made in an effort to obtain 
as large a yield of 5-nitroquinoline as possible. 

One hundred grams (0.775 mole) of synthetic 
quinoline was placed in an evaporating dish cooled 
with cold water. Sixty-six grams (20% excess) 
of fuming nitric acid was added dropwisc with 
continuous agitation. The quinoline nitrate was 
broken up into small pea-sized particles and divided 
into ten equal portions. These portions were added 
to 100 cc. of concentrated HjS 04 which was con- 
tained in a suitable flask cooled in an ice bath. 
After each portion of the nitrate waS added, 10 cc. 
of 20% oleum was stirred in controlling the tem- 
perature of the mixture between 10° and 20°. 
After all the reactants were in the flask the mixture 
was stirred for one hour, keeping the temperature 
at 10-20°. The liquid was poured into about 800 
Gm. of crushed ice and the solution neutralized 
with 500—600 cc. of XILOH. The solid which 
formed on cooling was separated and dissolved in 
070 cc. of hot dilute HXOj (d. 1.12). The solution 
was cooled and a yellow solid crystallized. This 
solid was dissolved in hot water and neutralized 
with XHiOH. An oil separated and crystallized 
on cooling. The yield of pure 5-nitroquinoline was 
50 Gm. (30.5% of theory). The nitrate melted 
at 186-186.5°, and the free base at 71-72°. 

6. Perphthalic Acid. — Perphthalic acid was 
prepared according to the procedure described by 
Cooper (0). treating phthalic anhydride with HjOj 


in NaOH solution. The peracid content determined 
by iodoinetric titration corresponded to a 70% yield. 

7. S-Nitroquinoline N-Oxide Phthalate. — Sixty 
grams (0.35 mole) of 5-nitroquinoline was dissolved 
in 700 cc. of etlier which contained 95 Gm. 
(0.52 mole) of perphthalic acid and the mixture was 
allowed to stand for twenty-four hours at 15°. A 
yellow precipitate gradually formed, giving a quan- 
titative yield of crude product. 

8. S-Nitroquinoline N-Oxide. — A solution of one 
liter of water and 85 Gm. of sodium carbonate was 
stirred vigorously as 152.6 Gm. of powdered 5- 
nitroquinoline N-oxide phthalate was added slowly. 
The mixture was stirred for forty-five minutes and 
then the orange-yellow solid was filtered out and 
washed with ice water until the washings were 
neutral and colorless. The yield was 67% of crude 
product. Rccrystallization from toluene gave a 
product melting at 163-164°. 

Calcd. for CsHeNjO.: C, 56.85; H, 3.18. 
Found: C, 56.86; H, 3.26. 

9. 2-Chloro-S-nitroquinoline, 3-Chloro-S-nitro- 
quinoline, and 4-ChIoro-S-nitroquinoline. — Fifty 
grams (0.26 mole) of finely powdered 5-nitro- 
quinoline N-oxide was dissolved slowly in 225 cc. 
of phosphorus oxychloride contained, in a cooled 
flask under reflux. The flask was transferred to an 
oil bath heated to 60° and the temperature slowly 
raised to 105-115° for two hours. The excess 
POClj was removed by vacuum distillation and the 
residue poured onto 500 Gm. of crushed ice. The 
mixture was stirred for two hours at 5-10° to 
hydrolyze the POCh. The insoluble material, 
2-chloro-5-nitroquinolinc, was filtered off and washed 
with cold water until the washings were neutral. 
The washings were added to the mother liquor and 
the total volume made up to one liter. A small 
amount of a solid mixture of 2- and 3-chloro-5- 
nitroquinolines separated and was filtered off, and 
the filtrate diluted to two liters total volume. More 
solid, a mixture of 3- and 4-chloro-5-nitroquinolines, 
separated and was filtered ofl. The filtrate was 
kept cold while 100 cc. of concentrated ammonium 
hydroxide was added dropwise. A mixture of 3- 
and 4-chloro-5-nitroquinolines separated. The fil- 
trate was allowed to stand in the cold and filtered 
to remove a mixture of 4-chloro-5-nitroquinoline 
and an alkali soluble impurity. 

The fractions were treated chemically to separate 
the isomers. 2-Chloro-5-nitroquinoline was sepa- 
rated from 3-chloro-5-nitroquinoline by virtue of 
the insolubility of the 2-isomer in 6 A^ II Cl. The 
mixture was dissolved in concentrated HCl and then 
diluted with an equal volume of water. The 2- 
isomer separated from this solution. 

3-Chloro- and 4-chloro-.5-nitroquinolincs were 
separated through the insolubility of the 3-isomer 
in 3 jV HCl. The mixture was stirred well with 
3 iV HCl, and the insoluble 3-isomer filtered off. 
The filtrate was slowly neutralized in the cold with 
XHiOH to precipitate 4-chloro-5-nitroquinoline. 
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The identity of the compounds was established 
as follows: 

2- Chloro-5-nitroquinoljne obtained in 44.5% 
yield was recrystallized from methanol and melted 
at 133-134°, literature value 129° (2, 3). A mixed 
melting point with material prepared at the Uni- 
versity of Virginia (O. S. R. D.) showed no de- 
pression. Hydrolysis of the compound with con- 
centrated HCl gave 2-hydroxy-5-nitroquinoline, 
m. p. 301-303°. literature value 298-299° (2, 3). 

3- Chloro-5-nitroquinoline obtained in 13.1% 
yield was recrystaUized from ethanol and Inelted 
at 128-129°, literature value 127-128° (7). This 
compound could not be hydrolyzed on prolonged 
treating with concentrated HCl. 

4- Chloro-5-nitroquinoline obtained in 9.4% yield 
was recrystaUized from methanol, m. p, 149-150°. 

Ami— Calcd. for CsHsNjOjCl: C, 51.82; H, 
2.42. Found: C, 51.76; H. 2.45. 

The chloro compound was hydrolj'zed by heating 
with concentrated HCl to give 4-hydroxy-5-nitro- 
quinoline which had an indefinite decomposition 
point of 335-340°. 

Ami— Calcd. for CJlsNjOj; C, 50.84; H, 3.18. 
Found: C, 56.86; H, 3.40. 

10. S,S'-Dinitro-2,2'-diquinolyl Sulfide. — The 
starting material, 2-chloro-5-nitroquinoline, used 
in this synthesis was obtained from two sources. 
A 45-Gm. sample was obtained from 0. S. R. D. 
It was purified by recrystaUization from alcohol 
until the product melted at 127-129 °. The melting 
point for the pure material has been reported as 
130° (2, 3). A second portion was prepared by the 
clilorination of the N-oxide of 5-nitroquinoIine. 

A solution of 6.2 Gm. of 2-chloro-5-nitroquinoline 
in 75 cc. of alcohol was reflu.xed and stirred. A 
solution of sodium disulfide (prepared from 3 Gm. 
of NajS.OHjO and 0.4 Gm. of sulfur in 25 cc. of 
alcohol and 6 cc, of water) was added slowly during 
forty-five minutes. The solution was allowed to 
reflux for eleven hours and cooled in an ice chest 
overnight. The yellow precipitate was filtered off. 
rinsed with alcohol, triturated ivith dilute NaOH, 
washed with water and alcohol and dried. Two 
and two-tenths grams of sulfide was obtained which 
on recrystallization from pyridine melted with 
decomposition at 260-261°. The NaOH filtrate 
was acidified with glacial acetic acid yielding an 
orange precipitate of S-nitro-fl-quinolinethiol; m. p. 
234-236°. Additional quantities of these products 
were obtained by working up the original filtrate. 
The combined yield of crude 5,5'-dinitro-2,2'- 
diquinolyl sulfide was 3.7 Gm. (73% of theory). 
The total 5-nitro-2-quinolincthiol obtained was 0.9 
Gm. (21% of theory). 

A «o/.— Calcd. for C.sHwN.O.S: C, 57.14; H, 
2.67. Found: C, 57.12; H, 2.77. 

11. 5 - Acetamido - 2 - chloroquinoline. — Eight 
grams of 2-chloro-5-nitroquinoline was dissolved 
in 140 cc. of glacial acetic acid and 20 cc. of acetic 
anhydride (50% excess). Approximately 1 Gm. of 
Raney nickel catalyst was added and the mixture 


reduced at low pressure and room temperature. 
The reaction mixture was filtered, treated with 
Norite, and filtered again. The filtrate was slowly 
neutralized with NH»OH as it was stirred in an ice 
bath. A white solid gradually precipitated as the 
solution approached neutrality. The solid was 
filtered and washed with water. The material was 
recrystallized from ethanol to give a product, m. p. 
214-215°, yield 75% of theory. 

Am/.— Calcd. for C„HsN;OCI: C, 59.93%; H. 
4.11%. Found; C, 59.92%; H, 4.38%. 

12. S-Acetainido-2-quinolinethiol. — ^Two grams 

5-acetamido-2-chIoroquinoIme was dissolved in 
35 cc. of ethanol by heating to reflux. To this hot 
solution an alcoholic solution of NasS. was added 
drop wise over a period of five hours. The Na:& 
solution was prepared by dissolving 1.07 Gm. of 
NajS.OH-O in 10.2 cc. of ethanol and 3.4 cc. of 
water and then adding 0.14 Gm. of sulfur. The 
mixture was refluxed with stirring for trventy hours. 
The yellow solid was filtered off and dissolved in 
10% NaOH. The alkaline solution was treated 
with Norite and the yellow solid reprecipitated with 
acetic acid; yield 51.5% of theory. RecrystaUiza- 
tion from alcohol jdclded a product melting at 274- 
278° with decomposition. 

Awol.—Calcd. for CuHioNjOS: S, 14.69%. 
Found: S, 14.72%. 

13. Bis(6 - methoxy - 2 - methyl - 7,8,9, 10 - tetra- 
hydro-4-ben2o(h)quinolyl) Sulfide. — To 100 cc. of 
warm alcohol, 5.23 Gm. of 4-chIoro-6-methoxy-2- 
methyl-7,8,9,10-tetrahydrobenzo(h)quinoline was 
added. Complete solution occurred at 60° after 
which a warm alcoholic solution of NajSj (prepared 
by dissolving 4.72 Gm. NajS.9H;0 and 0.626 Gra. 
powdered S in 40 cc. of 95% alcohol) was added 
with stirring. The solution iras reflu.xed seventeen 
hours, cooled, diluted with water to dissolve the 
NaCl, and filtered; yield 4.8 Gm. (89% of theory). 
RecrystaUization from dioxan gave a product melt- 
ing at 200-209°; from toluene the melting point 
was 211-218°. 

Ann/.— Calcd. for CmHjjO.NjS: S, 6.62%. 
Found; S, 7.01%. 

14. 3-Amino-4-quinoUnesulfonic Acid. — A solu- 
tion of 4.4 Gm. of 3-amino-4-quinoIinethiol in 45 cc, 
of 50% methanol containing 1.1 Gm. (10% excess) 
of NaOH was cooled and stirred while 9.4 Gm. 
(10% e.xcess) of 30% HjOj was added dropwisc 
keeping the temperature at 30-35°. Stirring and 
cooling were continued until the precipitate which 
formed had rcdissolvcd, and tlie solution then 
refluxed from ten to fifteen minutes. It was then 
acidified with 20 cc. of 50% H;SO< and allowed to 
cool to robin temperature. The yellow precipitate 
was filtered off, washed with methanol and dried. 
The product was purified by reprecipitation. The 
yield of pure light yellow 3-arainoA-quinoline- 
sulfonic acid was 4.0 Gm. (72% of theorj’). The 
product has no definite melting point but darkens 
at about 240°, and melts with decomposition be- 
tween 250 - 265 °. 
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thiol in CO cc. of p)-ritiine was stirred and cooled 
while 12.0 Gm. of solid I; was added slowly. The 
solution became deep red and heat was evolved. 
Ten grams of Na-COj dissolved in 100 cc. of water 
was added slowly, the mi.xturc stirred, allowed to 
cool to room temperature, filtered and the residue 
washed well with water. The yellow crj'stals, after 
drying at 00°, became orange in color and melted 
at 12.3-125°, resolidified to an orange solid and 
melted at 157°. Heated slowly, the crystals tunicd 
orange above 100° and melted at 157°; yield 10.0 
Gm. (OG'vo of theory). If recrystallized from alcohol 
and water the m. p. is raised to 169-171 ° (decomp.). 

Calcd. for C.sH„N,S;: X, 10.00%. 
Found: X, 15.S9%. 

4. 3-Acetylainino-4-quinolinethiol.— A solution 
of 10.7 Gm. of crude 3-amino-4-quinolinethiol in 
40 cc. of p>Tidinc was stirred tngorously while 20 
cc. (100% excess) of acetic anhydride was added 
rapidly. The mixture was stirred ten to fifteen 
minutes, 150 cc. of boiling water added, stirred, 
and cooled to room temperature. The produet was 
filtered o(T, washed with water and dried. Yield, 
19.9 Gm. (90% of theory). Rccrystallization from 
p>Tidine yielded pure 3-acetylamino.4-quinoline- 
thiol as yellow needles which darkened about 250° 
and melted with evolution of gas at about 200-204°. 

Anal. — Calcd. CnHioXjOS: X', 12 84. Found: 
X. 12 83. 

5. 5-NitroquinoUne. — The procedure used for 
the nitration of quinoline was a combination of that 
used by Dufton (4) and Ficser and Hershberg (6). 
The modifications were made in an effort to obtain 
as large a yield of 5-n!troquinoline as possible. 

One hundred grams (0.775 mole) of synthetic 
quinoline was placed in an evaporating dish cooled 
with cold water. Sixty-six grams (20% excess) 
of fuming nitric acid was added dropwisc with 
continuous agitation. The quinoline nitrate was 
broken up into small jica-sized particles and divided 
into ten equal portions. These portions were added 
to 100 cc. of concentrated HjSO( which was con- 
tained in a suitable flask cooled in an ice bath. 
After each portion of the nitrate waS added, 10 cc. 
of 20% oleum was stirred in controlling the tem- 
perature of the mixture between 10° and 20°. 
After all the reactants were in the flask the mixture 
was stirred for one hour, keeping the temperature 
at 10-20°. The liquid was poured into about 800 
Gm. of crushed ice and the .solution neutralized 
with 500-000 cc. of XH4OH. The solid which 
formed on cooling was separated and dissolved in 
070 cc. of hot dUutc HXOj (d. 1.12), The solution 
was cooled and a yellow solid crystallized. This 
solid was dissolved in hot water and neutralized 
with XHiOH. An oil separated and crystallizcti 
on cooling. The yield of pure 5-nitroquinoline was 
50 Gm. (30.5% of theory). The nitrate melted 
at 180-180.5°, and the free base at 71-72°. 

6. Perphthalic Acid. — Pcrphthalic acid was 
prepared according to the procedure described by 
Cooper (0), treating phth.alic anhydride with II;0; 


in NaOH solution. The pcracid content determined 
by iodoinctric titration corresponded to a 70% yield. 

7. 5-Nitroquinoline N-Oxide Phthalate. — Sixty 
grams (0.35 mole) of 5-nitroquinoline was dissolved 
in 700 cc. of etlicr which contained 95 Gm. 
(0.52 mole) of perphthalic acid and the mixture was 
allowed to stand for twenty-four hours at 15°. A 
yellow precipitate gradually formed, giving a quan- 
titative yield of crude product. 

8. 5-Nitroquinoline N-Oxide.— A solution of one 
liter of water and 85 Gm. of sodium carbonate was 
stirred vigorously as 152.0 Gm. of powdered 5- 
nitroqitinolinc N-oxide phthalate was added slowly. 
The mixture was stirred for forty-five minutes and 
then the orange-yellow solid was filtered out and 
washed with ice water until the washings were 
neutral and colorless. The yield was 07% of crude 
product. Recrystallization from toluene gave a 
product melting at 163-104°. 

Calcd. for CsHsN-O,: C, 50.85; H, 3.18. 
Found: C, 56.86; H, 3.20. 

9. 2-Chloro-S-nitroquinoline, 3-Chloro-5-nitro- 
quinoline, and 4-Chloro-S-nitroquinoUne. — Fifty 
grams (0.2G mole) of finely powdered 5-nitro- 
quinoline N-oxide was dissolved slowly in 225 cc. 
of phosphorus oxychloride contained, in a cooled 
flask under reflux. The flask was transferred to an 
oil bath heated to 60° and the temperature slowly 
raised to 105-115° for two hours. The excess 
POCI3 was removed by vacuum distillation and the 
residue poured onto 500 Gm. of erushed ice. The 
mixture was stirred for two Iioiirs at 5-10° to 
hydrolyze tlie POCI3. The insoluble material, 
2-chloro-5-nitroqninoline, was filtered off and washed 
with cold water until the washings were neutral. 
The washings were added to the mother liquor and 
the total volume made up to one liter. A small 
amount of a solid mixture of 2- and 3-ehloro-5- 
nitroquinolincs separated and was filtered off, and 
the filtrate diluted to two liters total volume. More 
solid, a mixture of 3- and 4-chloro-.5-nitroquinolincs, 
separated and was filtered off. The filtrate was 
kept cold while 100 cc. of concentrated ammonium 
hydroxide was added dropwisc. A mixture of 3- 
and 4-chloro-5-nittoquinolincs separated. The fil- 
trate was allowed to stand in the cold and filtered 
to remove a mixture of 4-chloro-5-nitroquinolinc 
and an alkali soluble impurity. 

The fractions were treated chemically to separate 
the isomers. 2-Chloro-5-nitroquinoline was sepa- 
rated from 3-chloro-5-nitroquinoline by virtue of 
the insolubility of the 2-isomer in 0 HCl. The 
mixture was dissolved in concentrated HCl and then 
diluted with an equal volume of water. The 2- 
isomer separated from this solution. 

3-Chloro- and 4-chloro-.5-nitroquinolincs were 
separated through the insolubility of the 3-isomer 
in .3 A' HCl. The mixture was stirred well with 
3 A’ HCl, and the insoluble 3-isomer filtered off. 
The filtrate was slowly neutralized in the cold with 
XH*©!! to precipitate 4-chloro-.5-nilroquinoIiiic. 
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The identity of the compounds was established 
as follows: 

2- Chloro-5-nitroquinoline obtained in 44.5% 
yield was recrystallized from methanol and melted 
at 133-134°, literature value 129° (2, 3). A mixed 
melting point with material prepared at the Uni- 
versity of Virginia (0. S. R. D.) showed no de- 
pression. Hydrolysis of the compound with con- 
centrated HCl gave 2-hydro.xy-5-nitroquinoline, 
m. p. 301-303°, literature value 298-299° (2, 3). 

3- Chloro-5-nitroquinoline obtained in 13.1% 
yield was recrystallized from ethanol and Incited 
at 128-129°, literature value 127-128° (7). This 
compound could not be hydrolyzed on prolonged 
treating with concentrated HCl. 

4- Chloro-5-nitroquinoline obtained in 9.4% yield 
was recrystallized from methanol, m. p. 149-150°. 

Anal.—CaXcA. for CsHsNsO.Cl: C, 51.82; H, 
2.42. Found: C, 51.76; H. 2.45. 

The chloro compound was hydrolyzed by heating 
with concentrated HCl to give 4-hydroxy-5-nitro- 
quinoline which had an indefinite decomposition 
point of 335-340°. 

Anal.—CsXcA. for CsHsNjOj: C, 56.84; H, 3.18. 
Found; C. 56.86; H, 3.40. 

10. S,S'-DimtrO'2,2'-diquinoIyl Sulfide. — ^The 
starting material, 2-chloro-5-nitroquinoline, used 
in this synthesis was obtained from two sources, 
A 45-Gm. sample was obtained from O. S. R. D. 
It was purified by recrystallization from alcohol 
until the product melted at 127-129 °. The melting 
point for the pure material has been reported as 
130° (2, 3). A second portion was prepared by the 
chlorination of the N-oxide of 5-nitroquinoline. 

A solution of 5.2 Gm. of 2-chIoro-S-nitroquinolinc 
in 75 cc. of alcohol was refluxed and stirred. A 
solution of sodium disulfide (prepared from 3 Gin. 
of Na2S.9H20 and 0.4 Gm. of sulfur in 25 cc. of 
alcohol and 6 cc. of water) was added sloiriy during 
forty-five minutes. The solution was allowed to 
reflux for eleven hours and cooled in an ice chest 
overnight. The yellow preeipitatc was filtered off, 
rinsed with alcohol, triturated with dilute NaOH, 
washed with water and alcohol and dried. Two 
and two-tenths grams of sulfide was obtained which 
on recrystallization from pyridine melted with 
decomposition at 260-261°. The NaOH filtrate 
was acidified with glacial acetic acid yielding an 
orange precipitate of 5-nitro-2-quinolincthiol; m. p. 
234-236°. Additional quantities of these products 
were obtained by working up the original filtrate. 
The combined yield of crude 5,5'-dinitro-2,2'- 
diquinolyl sulfide was 3.7 Gm. (73% of theory). 
The total 5-nitro-2-quinoIincthiol obtained was 0.9 
Gm. (21% of theory). 

.4«a/.— Calcd. for CuHioN^OiS: C. 57.14; H, 
2.67. Found: C. 57.12; H, 2.77. 

11. 5 - Acetamido - 2 - chloroquinoline. — Eight 
grams of 2-chloro-5-nitroquinoline was dissolved 
in 140 cc. of glacial acetic acid and 20 cc. of acetic 
aidiydridc (50% e.xccss). Approximately 1 Gm. of 
Raney nickel catalyst was added and the mixture 


reduced at low pressure and room temperature. 
The reaction mixture was filtered, treated with 
Norite, and filtered again. The filtrate was slowly 
neutralized with NHtOH as it was stirred in an ice 
bath, A white solid gradually precipitated as the 
solution approached neutrality. The solid was 
filtered and washed with water. The material was 
recrystallized from ethanol to give a product, m. p. 
214-215°, yield 75% of theory. 

Amo/.— C alcd. for CnHsN-OCl: C, 59.93%; H, 
4.11%. Found: C, 59.92%; H, 4.38%. 

12. S-Acetaimdo-2-qmnolinethiol. — ^Two grams 

5-acetamido-2-chIoroquinoline was dissolved in 
35 cc. of ethanol by heating to reflux. To this hot 
solution an alcoholic solution of NajS- was added 
dropwise over a period of five hours. The Na;& 
solution was prepared by dissolving 1.07 Gra. of 
NajS.9H:0 in 10.2 cc. of ethanol and 3.4 cc. of 
water and then adding 0.14 Gm. of sulfur. The 
mixture was refluxed with stirring for twenty hours. 
The yellow solid was filtered off and dissolved in 
10% NaOH. The alkaline solution was treated 
with Norite and the yellow solid reprecipitated with 
acetic acid; yield 51.5% of theory. Recrystalliza- 
tion from alcohol yielded a product melting at 274- 
278° with decomposition. 

Ana/.— Calcd. for CnH.oNjOS: S, 14.69%. 
Found: S, 14.72%. 

13. Bis(6 - methoxy - 2 - methyl - 7,8,9,10 - tetra- 
hydro-4-benzo(h)qumolyl) Sulfide. — To 100 cc. of 
warm alcohol, 5.23 Gm. of 4-chloro-6-methoxy-2- 
methyl-7,8,9.10-tetrahydrobenzo(h)quinolinc was 
added. Complete solution occurred at 60° after 
which a warm alcoholic solution of NajS- (prepared 
by dissolving 4.72 Gra. NajS.OH-O and 0.626 Gm. 
powdered S in 40 cc. of 95% alcohol) was added 
with stirring. The solution was refluxed seventeen 
hours, cooled, diluted with water to dissolve the 
NaCl, and filtered; yield 4.8 Gm. (89% of theory). 
RecrystaUization from dioxan gave a product melt- 
ing at 200-209°; from toluene the melting point 
was 211-218°. 

Awn/.— Calcd. for CmHj-O.NjS: S, 0.62%. 
Found: S, 7.01%. 

14. 3-Ammo-4-quinolinesulfonic Acid . — A solu- 
tion of 4.4 Gm. of 3-amino-4-quinolinethiol in 45 cc. 
of 50% methanol containing 1.1 Gm. (10% excess) 
of NaOH was cooled and stirred while 9.4 Gm. 
(10% excess) of 30% Hi02 was added dropwise 
keeping the temperature at 30-35°. Stirring and 
cooling were continued until the precipitate which 
formed had redissolv’ed, and tlie solution then 
refluxed from ten to fifteen minutes. It was then 
acidified with 20 cc. of 50% HjSO, and allowed to 
cool to robm temperature. The yellow precipitate 
was filtered off, washed with methanol and dried. 
The product was purified by reprecipitation. The 
yield of pure light yellow 3-3mino-4-quinoline- 
sulfonic acid was 4.0 Gm. (72% of theory). The 
product has no definite melting point but darkens 
at about 240°, and melts with decomposition be- 
tween 250-265°. 
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Calcd. for CtHjXrSO,: S, 1-1.28%. 
Found: S. 14.33%. 

SUMMARY 

]. Twelve new compounds have been 
synthesized in an effort to find compounds 
with desirable chemotlierapeutic properties. 
A new method is described for the prepara- 
tion of tlie 2, 3 and 4-chloro-isomers of 5- 
nitroquinoline. 


2. Sufficient quantities of these com- 
pounds have been prepared for pharmaco- 
logical testing. 
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The Synthesis of Chemotherapeutic Agents.* 
III. The Synthesis of Certain Thio Compounds^’^ 

By YUEN-FU CHENG, JOHN E. CHRISTIAN, and GLENN L. JENKINS 


Five new sulfa compounds possessing pos- 
sible medicinal value have been synthesized 
and characterized. 

CiNCE 5,5'-diamino-S,S'-diquinolyl di- 
sulfide and some of its derivatives 
have been synthesized (1) and investigation 
has revealed possible chemotherapeutic 
value for these compounds (2), it is believed 
that 5,5'-diamino-S,8'-diquinolyl sulfide and 
its derivatives may have some therapeutic 
applications. The objective of the project 
reported here is the synthesis of 5,5'-di- 
amino-S,S'-diquinolyl sulfide and some of 
its derivatives, so that they might be tested. 

The starting material used in this syn- 
thesis was o-chloroaniline, from which 8- 
chloroquinolyl, 5-nitro-8-chloroquinoline, 
and 5,5'-dinitro-8,8'-diquinolyl sulfide have 
been made by using the procedures de- 
scribed previously (3-6). 

The synthesis of o,5'-diamino-S,S'-di- 
quinolyl sulfide was accomplished when 
stannous chloride and hydrochloric acid 
were used as reducing agents to reduce 

• For previous papers in this scries see Tins Journal, 
34, 147(1945); 35, 3:;S(194G) ; 35, 331(1940). 

t Received July 15, 1940, from Purdue University, School 
of Pharmacy, Lafayette, Ind. 

Presented to the Scientific Section of the A. Pn. A., Pitts- 
burgh meeting, 19JC. 

X The work described in this paper i\as done in collabora- 
tion with Eli Lilly and Company and the Committee on 
Medical Research of the Office of Scientific Research and 
Development. 


5,5'-dinitro-8,S'-diquinolyl sulfide. From 
5,5'-diamino-8,8'-diquinolyI sulfide, 5,5'-di- 
acety]amido-8,S'-diquinolyl sulfide was pre- 
pared by using acetic anhydride and an' 
hydrous sodium acetate; 5,5 '-diformylamido- 
S,8'-diquinolyl sulfide was synthesized by 
treatment with strong formic acid. 

When 5,5'-diamino-8,8'-diquinolyl sulfide 
was condensed with two molecules of p- 
acetamidobenzene sulfonyl chloride, 5,5'- 
Wr-C/^-acetamidobenzene sulfonamido)-8,S'- 
diquinolyl sulfide was obtained. 

EXPERIMENTAL 

1. S-Chloroquinoline. — The procedures used 
were those described by Urist (3), Christian (4), and 
Fourneau, et al. (5). The yield obtained was G7%. 

2. S-Nitro-8-chloroquinoline. — The procedures 
used were essentially those of Christian (4) and 
Fourneau, et al. (5). The yield obtained was 81% 
and the white needle crystals melted at 144.8°. 
[Urist (3) reported 145°; Fourneau (5) reported 
145°.] 

3. 5,5' - Dlnitro - 8,8' - diquinolyl Sulfide. — By 
using the procedure described by Surrey and Lind- 
wall (G), a 90% yield was obtained. The jjrodnct 
melted at 288°. (Surrey and Lindwall (0) reported 
m. p. 288.5-290°.] 

4. 5,5'-Dmitro-8,8'-dlquinolyl Sulfone. — The 
procedure used was essentially that described by 
Surrey and Lindwall (G). Greenish yellow crystals 
were obtained; m. p. 2.59°. [Surrey and Lindwall 
(G) reported m. p. 2G0°. ] The yield was 55. .5%. 
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5. 5,5' - Diamino - 8,8' - diquinolyl Sulfide. — 
solution of 25 Gm. of stannous chloride in 50 cc. 
of concentrated HCl tvas slowly added with con- 
tinuous stirring to a cooled solution of 5 Gm. of 
5,5'-dinitro-8,8'-diquinolyl sulfide dissolved in 100 
cc. of concentrated HCl. The yellow tin pre- 
cipitate appeared gradually until the reaction was 
completed. The mixture was cooled in an ice bath 
about one hour, the precipitate was collected, dried, 
dissolved in about 60 cc. of 20% NaOH solution, 
and then cooled. The mixture was filtered and the 
yellow precipitate was washed with two lO-cc. 
portions of 20% NaOH solution, with ammonium 
hydroxide, and then with distilled water. The 
washed precipitate was dried, dissolved in acetone, 
and decolorized with activated charcoal. The 
acetone solutidn was concentrated and diluted with 
water to cause crystallization. The product con- 
sisted of yellow needle crystals which melted at 
242° (decomp.). If the crystals were purified 
directly from acetone, they melted at 248°. The 
yield was 2.7 Gm. (64%). 

Anal.—Caicd. for C,,HhN,S: N, 17.61%; S, 
10.06%. Found: N, 17.11%; S, 9.58%. 

6. The Hydrochloride of 5,5 '-Diamino-8, 8'-di- 
quinolyl Sulfide. — The initial procedure was like 
the preparation of 5,5'-diamiao-8,8'-diquinoly] 
sulfide. The tin complex was destroyed by adding 
40% NaOH until the mixture was slightly acid; 
after stirring about half an hour the precipitate 
which formed was collected. The precipitate was 
purified by recrystallization from methanol. Orange 
needle crystals were obtained; m. p. 237.5-238.5°. 
The yield was 22%. 

Calcd. for C,jH, 6 N 4 SClj: N, 14.32%; 
S, 8.18%. Found; N. 14.69%; S, 8.22%. 

7. S,5'-Diacetylamino-8,8'-diquinolyl Sulfide. — 
Dissolve 0.25 Gm. of 5,5'-diaraino-8,8'-diquinolyl 
sulfide in 30 cc. of acetic anhydride, add 0.25 Gm. 
of anhydrous sodium acetate, and rcfiux on an oil 
bath for three hours. After cooling, the clear solu- 
tion was poured into 100 cc. of ice water. Sodium 
carbonate solution was slowly added with con- 
tinuous stirring; a gray precipitate appeared while 
the solution was still acid. The mixture was placed 
in an ice bath for about two hours, the precipitate 
was collected, dried, and purified by crj'stallization 
from , a water-alcohol mixture. The gray crude 
crystals melted at 233-236°. Pure white crystals 
were obtained by recrystallization from a water- 
acetone mixture; m. p. 244°. The yield was 0.2 
Gm. (03%). 

Anal.—Calcd. for C-HuNiCjS: N, 13.93%; S, 
7.90%. Found; N, 13.11%; S. 7.52%. 

8. 5,5'-Diformylamido-8,8'-diquinolyl Sulfide. — 
One gram of 5,5'-diamino-S.S'-diquinolyI sulfide was 
dissolved in 20 cc. of formic acid (sp. gr. 1.2). The 
mixture was refluxed for two hours. After cooling, 
the reacted mixture was poured into 100 cc. of ice 
water. The red acidic solution was treated with 
a saturated sodium carbonate solution almost to 
the neutral point; an orange precipitate was ob- 


tained. The yield was 0.68 Gra. (58%), m. p. 
277°. The product was purified further by re- 
crystallization from acetone several times, m. p. 
297° (decomp.). 

Atml.~Ca.lcd. for OSauNtOS: N, 8.56%; S, 
14.97%. Found: N, 8.56%; S, 14.96%. 

9. S,S'-Bis-(f>-acetanudobenzene Sulfonamido)- 
8,8'-DiqumolyI Sulfide. — One gram of 5,5'-diamino- 
8,8'-diquinolyl sulfide was dissolved in 20 cc. of 
dry pyridine, and 1.6 Gm. of p-acetamidobenzene- 
sulfonylchloride and a small amount of copper- 
bronze catalyst were added. The mixtiwe, which 
was contained in a flask attached to a condenser 
fitted with a calcium chloride tube, was heated on 
a steam bath for one hour. After cooling, the 
mixture was poured into 500 cc. of water and placed 
in an ice bath for about two hours. The precipitate 
was collected and recrystallized from acetone. 
When the substance first precipitated in the con- 
centrated acetone solution, yellow crystals formed 
which changed to an orange crystalline substance 
after filtration. The yield was 0.9 Gm. (40%), 
m. p. 259°. When purified further by recrystalliza- 
tion from acetone, white crystals m. p. 263° (de- 
comp.), were obtained. 

Ami.— Calcd. for CjjHaNeOsS,; N, 11.80%; 
S, 13.48%. Found: N, 11.42; S, 12.86%. 


SUMMARY 

1. Five new quinoline derivatives pos- 
sessing possible medicinal value have been 
synthesized, namely: 

(а) 5,5'-Diamino-S,S'-diquinolyl sulfide. 

(б) The hydrochloride of 5,5'-diamino-. 
8,S'-diquinolyl sulfide. 

(c) 5,5'-Diacetylamido - 8,8' - diquinolyl 
sulfide. 

(d) 5,5' - Diformylamido-8,8'-diquinol)d 
sulfide. 

(e) 5.5'-Bis-(p-acetaniidobenzene sulfon- 
ainido)-S,S'-diquinolyl sulfide. 

2. Unfortunately these quinoline de- 
rivatives have not been investigated for 
possible medicinal use; however, sufficient 
quantities have been prepared for bacterio- 
logical and pharmacological testing. 


REFERENCES 

(1) CUrislian, J. E., and Jenkins, G. E., Tins Jour.val, 
34. 147(1945). 

(2) Personal coruraunication. 

(3) Urist, II., A thesi.s submitted to the firaduate faculty 
ol the University of Minnesota, 1941. 

(4) Christian, J. E., A thesis submitted to the graduate, 

faculty f ~ 

(5) F nd Wancollc, A., Bull. 

Soe. C«' ■ ‘ ■ ■ 

S ■ G,. J. Atn. Chem. Soc., 

62, 173(1940). 

(7) Hcymann, H., and Hcidclberger, C., ibid., 67. 19S6 
(1945). 

Reinhart, F, E., ibid., 62, 350S 

{9} Foss N. E.. Stchle. J. J., Shnsett, H. M., and llad- 
burg. D., ibid., 60, 2729(1938). 



330 


Journal of the American Pilvrmaceutical Association 

Quantitative Determination of Saccharin"^ 

By HAROLD ROSENBLUM and LEE MILDWORM 


A convenient and rapid method for the assay 
of saccharin and saccharin sodium in tab- 
lets is described. The assay is effected by 
e.vtracting the saccharin with a mixture of 
chloroform and ether and titrating the 
extracted saccharin with N/10 sodium 
hydroxide. 

A LTHOUGH the U. S. P. XII method for 
the determination of saccharin in sac- 
charin sodium tablets has been successfully 
employed, the analj’-sts have always been 
aware that the method does not isolate the 
principal ingredient and that the results are 
dependent on the completeness of the hy- 
drolysis of the NH group to NHj. Further- 
more, in order to insure that this method be 
workable, a test for ammonia in saccharin, 
saccharin sodium, and tablets of saccharin 
sodium is included in the Pharraacopceia. 
However, no assurance is given that nitro- 
gen containing substances which slowly form 
ammonia during hydrolysis do not interfere 
with the assay. 

EXPERIMENTAL 

In order to circumvent interference from other 
NHj liberating compounds, the proposed method 
was investigated and found to be reliable and rapid 
for the determination of saecharin and saccharin 
sodium in tablet mixtures. 

The chemical structure of saccharin is such as to 
give a strong acid reaction in aqueous solution. 
Attempts to titrate the solution using phenolphthal- 
ein T. S. as indicator gave e.xccllcnt results. One- 
half gram of material accurately weighed and dis- 
solved in 75 cc. of water by warming and cooling 
showed 99.5% saccharin by titration. Furthermore, 
saccharin was found to be appreciably soluble in a 
mixture of chloroform and ether (1:1). From these 
two established facts, the following procedure was 
evolved for tablet mixtures. Results are given in 
Table I with a comparison of values obtained with 
the U. S. P. XII procedure. 

Place a sufficient number of tablets equivalent to 
1 Gm. of saccharin in a 100-cc. volumetric flask, and 
add 50 cc. 11:0 and 10 cc. A’ XaOH. Agitate until 
the tablets have disintegrated. Dilute to volume 
with water and filter through a drj- filter into a dry 
flask, rejecting the first 20 cc. of filtrate. Transfer 
25 cc. of the subsequent filtrate to a separatory 
funnel, acidify with dilute HCl, and extract the 

• Received June H, I9IC, from Prerao Pharmaceutical 
Laboratories. Inc., York 13, N". Y, 


saccharin with 6 x 25-cc. portions of a mixture c! 
chloroform and ether (1:1). Filter the combined 
extract through a pledget of cotton into a beaker and 
evaporate to dryness on a steam bath with the aide! 
a current of air. The residue obtained after evapora- 
tion of the solvents is taken up with 75 cc. of boilin; 
water, the solution cooled to room temperature and 
titrated with AyiO NaOH, using phenolphthalein 
T. S. as indicator. 

1 cc. of O-IA NaOH = 0.01832 Gm. saccharin 

(CrHsOjNS) 

1 cc. of O.IA’^ NaOH = 0.02413 Gm. saccharin so- 
dium (C,HiO3NSNa-2H.0) 

DISCUSSION 

The interference of stearates in the pro- 
posed method was investigated and found 
to be negligible. In the initial filtration, it 
was found that practically all of the stear- 
ates are removed. Stearic acid if present 
reacts with sodium hydroxide in the cold too 
slowly to come through in the filtrate. 
Tablets containing stearic acid as much as 5 
per cent of the weight of the tablet showed 
little or no stearate interference. The e.x- 
tracted saccharin evaporated to dryness and 
dried to constant weight at 90° showed ap- 
proximately a 1 per cent higher'assay value 
than by titration. Furthermore, filtration 
of the cooled aqueous solution of the ex- 
tracted saccharin removes all insoluble or- 
ganic acids that may be present. 

Table I 


Per Cent Based on Labeled 
Amount* 

Proposed U. S. P. XU 
Sample Method ^^ctllod 

Saccharin Powder 99.50% 99.4% 

Special Granulation (50%) 102.2% 103. G% 
Saccharin Tablets, ‘A gr. 98.8% 99.0% 

Saccharin Tablets, 'A gr. 07.2%, 98.0%, 

95.0% 95.0% 

Saccharin Tablets, 1 gr. 90.0% 95.7% 

Saccharin Sodium Tablets, 

1 gr. 103.9% 103.2% 


SUMMARY 

A rapid, accurate determination of sac- 
charin in saccharin sodium and in tablet mix- 
tures is presented. 
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Evaluation of Totaquine in Treatment of Malaria in 
an Endemic Malarious Area*'^ 

By O. W. YEAGER, t R. F. REIDER,^ and G. E. McDANIEL? 


A PROGRAM for the purpose of evaluating 
the usefulness and toxicity of tota- 
quine' as an agent in the treatment of 
naturally occurring malaria was instituted 
at the Malaria Field Research Station in 
Manning, S- C. The study which began 
on June 15, 1945, and extended through 
November, 1945, was carried on under field 
conditions in conjunction with other studies 
on the malarial disease and infections preva- 
lent in the southern portion of Clarendon 
County, S. C. 

Preliminary planning revealed the neces- 
sity for recognition of the usual limitations 
of a drug study carried out under field 
conditions. Therefore a complete appraisal 
of all factors involved in drug evaluations 
was not attempted. The primary objective 
of this study was simply to ascertain the 
clinical usefulness and relative toxicity of 
totaquine as compared with some other 
established and generally used antimalarial 
drug with a known degree of toxicity. 

Quinine sulfate was chosen as the control 
drug because it is most frequently used by 
local physicians throughout the study area 
in the treatment of malaria, and is the chief 
ingredient of proprietary antimalarial drugs 
used by the people in self-medication for 
the treatment of symptoms alleged to be due 
to malaria. Quinine sulfate has been used 
as an antimalarial drug in the area for many 
years and is most often considered by the 
people to be the most acceptable drug. 

The procedure of study consisted of the 
treatment at random of cases of clinical 
malaria with totaquine and quinine 
sulfate. The schedule of dosage was based 
on recommendations of the U. S. Army 

• Kcceivcd July 31, 194C, from the Epidemiology Division, 
Communicable Disease Center, U. S. Vublic Health Service, 
Federal Security Agency, Atlanta, Ga. 

J The studies on vrhich this report is based vrere conducted 
cooperatively by the South Carolina State Board of Health 
and the U. S. Public Health Service, OfBce on ^^lalaria Con- 
trol in War Areas. 

t U. S. Public Health Scr\'ice, Atlanta, Ga. 

% Director, Division of Preventable Diseases, South 
Carolina State Board of^ Health. 

* The totaquine used in this study was furnished through 
Defense Supplies Corporation and was manufactured by 
Merck and Co., Rahway, N. J, 


Medical Department (1). The adult 
therapeutic dose used for both drugs was 
1 Gm. orally 3 times daily for two days and 
then 2 Gm. orally daily for five days. Pro- 
portionate dosages were utilized for children, 
depending upon weight and apparent age. 
No other drugs were prescribed. Each 
treated case was followed up to determine 
the relative acceptability of the two drugs, 
the occurrence of toxic symptoms, and to 
make a clinical appraisal of the relative 
effectiveness of the drugs as therapeutic 
antimalarial agents. Since this study was 
operated under natural field conditions, no 
extensive laboratory’' investigations were 
carried out. 

The diagnosis of a case of malarial disease 
was based on clinical histories and physical 
examinations. A case of malarial disease 
was defined as a person presenting a history 
of an illness characterized by symptoma- 
tology typical of the disease complex 
known to be caused by plasmodial infections 
and physical findings typical of malarial 
pathology. Diagnoses of clinical malaria 
were made without regard to the blood smear 
findings. 

The chief etiological agent of malarial 
disease obsen’ed in the Clarendon County 
area as demonstrated by routine montlily 
thick blood film surveys on the total popula- 
tion was Plasmodium falciparum. The cases 
of malaria were clinically of the simple, 
nonlocalizing, mild acute type. The symip- 
tomatology consisted of irregular, inter- 
mittent and remittent night fever, commonly 
followed by profuse sweating but rarely 
accompanied by manifest paroxysms. Other 
chief complaints were frontal and tempero- 
parietal headaches, lumbar backaches, and 
generalized malaise. Phy’sical findings re- 
vealed occasional splenomegaly not greater 
in size than tlie number-one type of Boy’d’s 
classification of splenomegaty (2) and moder- 
ate secondary anemia. All cases were 
Negroes and the age distributions in both 
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A convenient and rapid method for the assay 
of saccharin and saccharin sodium in tab- 
lets is described. The assay is effected by 
extracting the saccharin with a mixture of 
chloroform and ether and titrating the 
extracted saccharin with N/IO sodium 
hydroxide. 

A LTHOUGii the U. S. P. XII method for 
the determination of saccharin in sac- 
charin sodium tablets has been successfully 
employed, the anal 3 ’’sts have always been 
aware that the method does not isolate the 
principal ingredient and that the results are 
dependent on the completeness of the hy- 
drolysis of the NH group to NHj. Further- 
more, in order to insure that this method be 
workable, a test for ammonia in saccharin, 
saccharin sodium, and tablets of saccharin 
sodium is included in the Pharmacopoeia. 
However, no assurance is given that nitro- 
gen containing substances which slowly form 
immonia during hydrolysis do not interfere 
ivith the assay. 

EXPERIMENTAL 

In order to circumvent interference from other 
NHi liberating compounds, the proposed method 
ivas investigated and found to be reliable and rapid 
for the determination of saccharin and saccharin 
sodium in tablet mixtures. 

The chemical structure of saccharin is such as to 
give a strong acid reaction in aqueous solution. 
Attempts to titrate the solution using phenolplithal- 
ein T. S. as indicator gave e.xcellent results. One- 
lialf gram of material accurately weighed and dis- 
solved in 75 cc. of water by warming and cooling 
showed 99.5% sacchann by titration. Furthermore, 
saccharin was found to be appreciably soluble in a 
mixture of chloroform and ether (1:1). From these 
two established facts, the following procedure was 
evolved for tablet mixtures. Results are given in 
Table I with a comparison of values obtained with 
the U. S. P. XII procedure. 

Place a sufllcicnt number of tablets equivalent to 
1 Gm. of saccharin in a 100-cc. volumetric flask, and 
add 50 cc. H:0 and 10 cc. A’ XaOII. Agitate until 
the tablets have disintegrated. Dilute to volume 
with water and filter through a dry filter into a dry 
flask, rejecting the first 20 cc. of filtrate. Transfer 
25 cc. of the subsequent filtrate to a separatory 
funnel, acidify with dilute HCl, and extract the 

• Received Jure H, from Premo Pharmaceutical 

Labcratcnen, Inc., Nevr Vofk 13, N". Y. 


saccharin with 6 x 25-cc. portions of a mixture oi 
chloroform and ether (1:1). Filter the combinej 
extract through a pledget of cotton into a beaker and 
evaporate to dryness on a steam bath with the aide! 
a current of air. The residue obtained after evapora- 
tion of the solvents is taken up with 75 cc. of boilinj 
water, the solution cooled to room temperature and 
titrated with AVIO NaOH, using phenolphtlialcin 
T. S. as indicator. 

1 cc. of O.IA'^ NaOH = 0.01832 Gm. saccharin 

(CjHsOjNS) 

1 cc. of O.DY NaOH = 0.02413 Gm. saccharin so- 
dium (C,H,O3NSNa-2H:0) 

DISCUSSION 

The interference of stearates in the pro- 
posed method was investigated and found 
to be negligible. In the initial filtration, it 
was found that practically all of the stear- 
ates are removed. Stearic acid if present 
reacts with sodium hydro.yide in the cold too 
slowly to come through in the filtrate. 
Tablets containing stearic acid as much as 5 
per cent of the weight of the tablet showed 
little or no stearate interference. The ex- 
tracted saccharin evaporated to dryness and 
dried to constant weight at 90° showed ap- 
proximately a 1 per cent higher assay value 
than by titration. Furthermore, filtration 
of the cooled aqueous solution of the ex- 
tracted saccharin removes all insoluble or- 
ganic acids that may be present. 


Table I 


Sample 

Saccharin Powder 
Special Granulation (50%) 
Saccharin Tablets, >/< gr- 
Saccharin Tablets, 'A gr. 

Saccharin Tablets, 1 gr. 
Saccharin Sodium Tablets, 
I gr. 


er Cent Based on Labeled 
Amount* 

Proposed U. S. P. XU 


99.50% 

102 . 2 % 

98.8% 

97.2% 

95.0% 

90.0% 


99.4% 

103.0% 

99.0% 

98.0% 

95.0% 

95.7% 


103.9% 103.2% 


SUMMARY 

A rapid, accurate determination of sac- 
charin in saccharin sodium and in tablet mix- 
tures is presented. 
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Evaluation of Totaquine in Treatment of Malaria in 
an Endemic Malarious Area*-^ 

By O. W. YEAGER, J R. F. REIDER,^ and G. E. McDANIEL? 


A PROGRAM for the purpose of evaluating 
the usefulness and toxicity of tota- 
quine' as an agent in the treatment of 
naturally occurring malaria was instituted 
at the Malaria Field Research Station in 
Manning, S. C. The study which began 
on June 15, 1945, and extended through 
November, 1945, was carried on under field 
conditions in conjunction with other studies 
on the malarial disease and infections preva- 
lent in the southern portion of Clarendon 
County, S. C. 

Preliminary planning revealed the neces- 
sity for recognition of the usual limitations 
of a drug study carried out under field 
conditions. Therefore a complete appraisal 
of all factors involved in drug evaluations 
was not attempted. The primary objective 
of this study was simply to ascertain the 
clinical usefulness and relative toxicity of 
totaquine as compared with some other 
established and generally used antimalarial 
drug with a known degree of toxicity. 

Quinine sulfate was chosen as the control 
drug because it is most frequently used by 
local physicians throughout the study area 
in the treatment of malaria, and is the chief 
ingredient of proprietary antimalarial drugs 
used by the people in self-medication for 
the treatment of symptoms alleged to be due 
to malaria. Quinine sulfate has been used 
as an antimalarial drug in the area for many 
years and is most often considered by the 
people to be the most acceptable drug. 

The procedure of study consisted of the 
treatment at random of cases of clinical 
malaria with totaquine and quinine 
sulfate. The s(phedule of dosage was based 
on recommendations of the U. S. Army 

♦ Received July 31, 194C, from the Epidemiolofry Division, 
Communicable Disease Center, U. S. Public Health Service, 
Federal Security Agency, Atlanta, Ga. 

f The studies on which this report is based were conducted 
cooperatively by the South Carolina Stale Board of Health 
and the U. S. Public Health Service, Office on Malaria Con- 
trol in War Areas. 

t U. S. Public Health Service, Atlanta, Ga. 

$ Director, Division of Preventable Diseases, South 
Carolina State Board of Health. 

* The totaquine used in this study was furnished through 
Defense Supplies Corporation and was manufactured by 
Merck and Co., Rahway, N. J. 


Medical Department (1). The adult 
therapeutic dose used for both drugs was 
1 Gm. orally 3 times daily for two daj^s and 
then 2 Gm. orall)’^ daily for five days. Pro- 
portionate dosages were utilized for children, 
depending upon weight and apparent age. 
No other drugs were prescribed. Each 
treated case was followed up to determine 
the relative acceptability of the two drugs, 
the occurrence of toxic symptoms, and to 
make a clinical appraisal of the relative 
effectiveness of the drugs as therapeutic 
antimalarial agents. Since this study was 
operated under natural field conditions, no 
extensive laboratory investigations were 
carried out. 

The diagnosis of a case of malarial disease 
was based on clinical histories and physical 
examinations. A case of malarial disease 
was defined as a person presenting a history 
of an illness characterized by symptoma- 
tology typical of the disease complex 
known to be caused by plasmodial infections 
and physical findings typical of malarial 
pathology. Diagnoses of clinical malaria 
were made without regard to the blood smear 
findings. 

The chief etiological agent of malarial 
disease observed in the Clarendon County 
area as demonstrated by routine monthly 
thick blood film surveys on the total popula- 
tion was Plasmodium falciparum. The cases 
of malaria were clinically of the simple, 
nonlocalizing, mild acute type. The symp- 
tomatolog)’' consisted of irregular, inter- 
mittent and remittent night fever, commonly;, 
followed by profuse sweating but ra^.^jy 
accompanied by manifest paroxysirys.^ Other 
chief complaints were frontal and tempero- 
parictal headaches, lumbar backaches, and 
generalized malaise. Physical findings re- 
vealed occasional splenomegaly not greater 
in size than the number-one type of Boyd’s 
clkssification of splenomegaly (2) and moder- 
ate secondao' anemia. All cases were 
Negroes and the age distributions in both 
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tlie totaquine and quinine groups were 
uniform and ranged from six montlis through 
sixty years of age and over. 

In all, l-I-l cases of malarial disease were 
treated, 102 witli totaquine and 42 with 
quinine sulfate. Two cases (or 1 .9 per cent) 
of those treated ivith totaquine and two 
cases (or 4.7 per cent) of those treated with 
quinine sulfate reported toxic s 3 miptoms of 
nausea and tinnitus which were severe 
enough to require discontinuance of treat- 
ment. With the exception of the 4 cases 
which showed moderate untoward reactions, 
aU treated persons reported sj’mptomatic 
improvement. 

In general, totaquine was accepted and 
taken as readily as quinine sulfate. Both 
drugs were taken in preference to proprietar}’ 
antimalarial drugs such as chill tonics. 

SUMMARY 

During a five-month period a controlled 
field study of the usefulness and relative 


toxicity of totaquine (I^Icrck and Co.) as 
an antimalarial agent was compared with 
that of quinine sulfate. It was found that 
both drugs were accepted b}' the population 
witli equal willingness and in preference to 
proprietary antimalarials. On the basis of 
obsciA'ations in the field, totaquine was 
found to be about as effective as quinine 
sulfate in the symptomatic treatment of 
clinical malarial disease. Totaquine ap- 
parentl)’’ causes no more untoward drug 
reactions when used under field conditions 
than quinine sulfate. 

More careful evaluation of totaquine is 
recommended. This evaluation should be 
carried out where rigid controls can be set 
up and where neeessary laboratorj^ facilities 
are convenientlj' available. 

REFERENCES 

(1) War Deparlmenl Technical Bulletin, TB Med. 72, 
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(2) Boyd, M. F., "Introduction to Malnnolopy,” Harvard 
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The Microscopic Identification of Demeror 

By GEORGE L. KEENANt 


Optical crj-stallographic data csseotial for the 
rapid and accurate microscopic identification 
of isonipecaine (Demerol) are reported. 

T^emerol is 4-phenyl-piperidine-4-car- 
boxylic acid ethyl ester. It is a white 
crystalline substance which melts at 30° 
and is not very" soluble in water. Its solu- 
tions are very alkaline. The hydrochloride 
is very soluble in water and in this form the 
substance is used medicinalljL It is said 
to be a powerful analgesic and may become 
habit forming like morphine. Legally' it is 
now classified as a narcotic, the name 
‘‘isonipecaine” having been coined as a 
suitable designation instead of the trade 
name Demerol. 


• Received July 20, 1940. 

t Pre-sent address: Stroagsville, Ohio, and Baldwin- 
Wallaet Col!e^, Berea, Ohio. 


The purpose of this paper is to place on 
record optical crystallographic data which 
are significant for Demerol hydrochloride 
thereby affording a rapid and accurate means 
for its mieroscopic identification. Data are 
also given which are characteristic of the 
crystalline complexes formed by Demerol 
hy'drochloride with the reagents potassium 
iodide and sodium' nitropnisside. (For 
convenience, unless otherwise qualified, in 
the following diseussion Demerol shall refer 
to the hydrochloride.) 

EXPERIMENTAL 

Demerol is a white, crystalline powder, the habit 
being largely elongated, si.x-sidcd prisms. With 
crossed nicols the extinction is parallel and the sign 
of elongation positive. Many of the fragments 
do not extinguish sharply with crossed nicols, these 
showing one optic axis in the interference figure 
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when the substance is examined in convergent 
polarized light (crossed nicols). The significant 
refraction indices are: a — 1.545, p = 1.581, y — 
1.618, all ±0.002. All the indices are readily found 
on the substance. 

Levine in a recent study (1) reported Demerol 
as giving significant crystalline complexes with 
several of the common alkaloidal reagents. As 
a double confirmatory test, the optical crystallo- 
graphic examination of some of these complexes 
furnished information that is also useful analytically. 
This information is especially significant in the case 
of the crystalline precipitates formed respectively 
with potassium iodide and sodium nitroprusside. 

Potassium iodide reagent (5 Gm. KI in 100 ml. 
of H 2 O) produces fine colorless rods. These can be 
produced directly on an object slide, the excess 
reagent removed with small pieces of filter paper, 
and the precipitate allowed to dry at room tem- 
perature. When dry and examined with crossed 
nicols, the rods show inclined and parallel extinction, 
and the elongation is positive or negative. Many, 
of the rods do not extinguish sharply with crossed 
’nicols, showing flash biaxial interference figures in 
convergent polarized light (crossed nicols). The 
significant refractive indices of this crystalline 
complex are: a = 1.605, p = 1.625 (most common 
of the indices), y — 1.653, all ±0.002. 

With sodium nitroprusside, Demerol produces 
long, blade-like plates described and illustrated by 
Levine (1) . He recommends a 5% aqueous solution 
of sodium nitroprusside as the test reagent. The 
writer has found that by dropping a small fragment 
of sodium nitroprusside (about 3 mg.) into the 
Demerol solution, just as satisfactory a precipitate 
is obtained. The blades which immediately form 
are characterized by a shingle-like surface. This 
characteristic of the surface is considered as quite 
diagnostic for the substance. After removing the 


excess liquid, the precipitate can be allowed to dry 
on the object slide at room temperatmre and subse- 
quently examined with the polarizing microscope. 
WTth crossed nicols, these blades, frequently with 
obtuse terminations or hexagonal in outline, show 
inclined extinction and negative elongation. Three 
refractive' indices characterize the substance and 
are as follows: a — 1.550, p = 1.582, y = 1,615, 
all ±0.002. 

It is also interesting to observe that picrolonic 
acid reagent (0.5% picrolonic acid in 50% alcohol) 
on being added to Demerol in a water-drop will at 
first cause a yellow cloudiness, followed by the 
gradual formation of spherulites of very fine needles. 
These aggregates are white and stand out in sharp 
contrast floating on the yellow liquid, growing to 
some size and readily observed even with the naked 
eye. The needles are too slender for microscopic 
study by the immersion method. 

SUMMARY 

The optical crystallographic properties 
of Demerol hydrochloride have been de- 
scribed and also those of two crystalline 
complexes formed with potassium iodide 
and sodium nitroprusside, respectively. The 
data for both of these addition products 
afford a doubly confirmatory microscopic 
test for Demerol. Attention is also called to 
the reaction of Demerol with picrolonic acid 
reagent. 

REFERENCE 

(1) Levine, Joseph, Ind. Eng, Chem., Anal. Ed"., 16, 40S 
(1944). 


WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation. 33rd, Federal and Dear- 
born Streets. Chicago, 111., seeks information on sources of supply for the following chemicals; 


Thiomorpholine 

Chcnodesoxycholic acid 

Scymnol 

Lysidine 

Pheophytin 

Purpuroxanthin 

5,8-Dihydroxy-1.4-naphthaquinone 

2,3-Dihydroxyanthraquinone 

Alkannin 

l-Amino-6-hydroxynaphthalcne 

o-Aminobcnzaldehyde 


a,a,-Dichloro- 7 -valerolactone 
<f-Hydroxyglutamic acid 
d-Isoleucine 
/-Isolcucine 

A^-Mcthylphenobarbital 

Pregnancdiol, crystalline 

Cevine 

Pulcgone 

Sodium-l-tartrate 

Sodium-Hi-tartrate 

Homogentisic acid 
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the totaquine and quinine groups were 
unifomi and ranged from six months through 
sixty years of age and over. 

In all, 144 cases of malarial disease were 
treated, 102 with totaquine and 42 \\4th 
quinine sulfate. Two cases (or 1.9 per cent) 
of those treated with totaquine and two 
cases (or 4.7 per cent) of those treated with 
quinine sulfate reported toxic symptoms of 
nausea and tinnitus which were severe 
enough to require discontinuance of treat- 
ment. With the exception of the 4 cases 
which showed moderate untoward reactions, 
all treated persons reported symptomatie 
improvement. 

In general, totaquine was accepted and 
taken as readil}' as quinine sulfate. Both 
drugs were taken in preference to proprietary 
antiraalarial drugs such as chill tonics. 

SUMMARY 

During a five-month period a controlled 
field study of the usefulness and relative 


toxicity of totaquine (lilerck and Co.) as 
an antimalarial agent was compared lyith 
that of quinine sulfate. It was found that 
both drugs were accepted by the population 
with equal willingness and in preference to 
proprietary^ antimalarials. On the basis of 
observations in the field, totaquine was 
found to be about as effective as quinine 
sulfate in the symiptomatic treatment of 
clinical malarial disease. Totaquine ap- 
parently causes no more untoward drug 
reactions when used under field conditions 
than quinine sulfate. 

More careful evaluation of totaquine is 
recommended. This evaluation should be 
carried out where rigid controls can be set 
up and where necessary laboratory facilities 
are conveniently^ available. 

REFERENCES 

(1) }Var Department Technical Bnlletin, TB Med. 72, 
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The Microscopic Identification of Demerol* 

By GEORGE L. KEENANt 


Optical crj-stallographic data essential for the 
rapid and accurate microscopic identification 
of isonipecaine (Demerol) are reported. 

"TNemerol is 4-phenyl-piperidine-4-car- 
boxylic acid ethyl ester. It is a white 
crystalline substance which melts at 30° 
and is not very' soluble in water. Its solu- 
tions are very alkaline. The hy'drochloride 
Js y(^' soluble in water and in this form the 
substance is used medicinally'. It is said 
to be a powerful analgesic and may become 
habit forming like morphine. Legally it is 
now classified as a narcotic, tlie name 
“isonipecaine” having been coined as a 
suitable designation instead of the trade 
name Demerol. 


• Received Ju!y 20. 1910. 

t Present addretis: Stroasaville, Ohio, and Baldwin- 
Wallace College. Berea, Ohio. 


The purpose of this paper is to place on 
record optical cry'stallographic data which 
are significant for Demerol hydrochloride 
thereby affording a rapid and accurate means 
for its microscopic identification. Data are 
also given which are characteristic of the 
crystalline complexes formed by Demerol 
hy'droehloridc with tlie reagents potassium 
iodide and sodium* nitroprusside. (For 
convenience, unless otherwise qualified, in 
the following discussion Demerol shall refer 
to the hydrochloride.) 

EXPERIMENTAL 

Demerol is a white, crystalline powder, the habit 
being largely elongated, six-sided prisms. With 
crossed nieols the extinction is parallel and the sign 
of elongation positive. Many of the fragments 
do not extinguish sharply with crossed nieols, these 
showing one optic axis in the interference figure 
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when the substance is examined in convergent 
polarized light (crossed nicols). The significant 
refraction indices are: a “ 1.545, p — 1.581, y = 
1.618, all =>=0.002. All the indices are readily found 
on the substance. 

Levine in a recent study (1) reported Demerol 
as giving significant crystalline complexes with 
several of the common alkaloidal reagents. As 
a double confirmatory test, the optical crystallo- 
graphic examination of some of these complexes 
furnished information that is also useful analytically. 
This information is especially significant in the case 
of the crystalline precipitates formed respectively 
with potassium iodide and sodium nitroprusside. 

Potassium iodide reagent (5 Gm. KI in 100 ml. 
of H 2 O) produces fine colorless rods. These can be 
produced directly on an object slide, the excess 
reagent removed with small pieces of filter paper, 
and the precipitate allowed to dry at room tem- 
perature. When dry and examined with crossed 
nicols, the rods show inclined and parallel extinction, 
and the elongation is positive or negative. Many, 
of the rods do not extinguish sharply with crossed 
' nicols, showing flash biaxial interference figures in 
convergent polarized light (crossed nicols). The 
significant refractive indices of this crystalline 
complex are: a ~ 1.605, P = 1.625 (most common 
of the indices), y — 1.653, all =>=0,002. 

With sodium nitroprusside, Demerol produces 
long, blade-like plates described and illustrated by 
Levine (1) . He recommends a 5% aqueous solution 
of sodium nitroprusside as the test reagent. The 
writer has found that by dropping a small fragment 
of sodium nitroprusside (about 3 mg.) into the 
Demerol solution, just as satisfactory a precipitate 
is obtained. The blades which immediately form 
are characterized by a shingle-like surface. This 
characteristic of the surface is considered as quite 
diagnostic for the substance. After removing the 


excess liquid, the precipitate can be allowed to dry 
on the object slide at room temperature and subse- 
quently examined with the polarizing microscope. 
W^ith crossed nicols, these blades, frequently with 
obtuse terminations or hexagonal in outline, show 
inclined extinction and negative elongation. Three 
refractive' indices characterize the substance and 
are as follows: a = 1.550, p = 1.582, y = 1.615, 
all =>=0.002. 

It is also interesting to observe that picrolonic 
acid reagent (0.5% picrolonic acid in 50% alcohol) 
on being added to Demerol in a water-drop will at 
first cause a yellow cloudiness, followed by the 
gradual formation of spherulites of very fine needles. 
These aggregates are white and stand out in sharp 
contrast floating on the yellow liquid, growing to 
some size and readily observed even with the naked 
eye. The needles are too slender for microscopic 
study by the immersion method. 

SUMMARY 

The optical crystallographic properties 
of Demerol hydrochloride have been de- 
scribed and also those of two crystalline 
complexes formed with potassium iodide 
and sodium nitroprusside, respectively. The 
data for both of these addition products 
afford a doubly confirmatory microscopic 
test for Demerol. Attention is also called to 
the reaction of Demerol with picrolonic acid 
reagent, 

REFERENCE 

(1) Levioc, Joseph, Ind. Eng. Chem., Anal. £<f., 16, 40S 
(1944). 


WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dear- 
born Streets, Chicago, 111., seeks information on sources of supply for the following chemicals: 


Thiomorpholinc 

Chen odcsoxy cholic acid 

Scymnol 

Lysidine 

Pheophytiu 

Purpuroxauthin 

5,8-Dihydroxy-l,4-naphthaquinone 

2,3-Dihydroxj'anthraquinone 

Alkannin 

l-Amino-6-hydroxynaphthalenc 

o-Aminobcnzaldchyde 


a,a,-Dichloro- 7 -valerolactone 
rf-Hydroxyglutamic acid 
d-Isolcucine 
f-Isoleucine 

A'-Methylphenobarbital 

Pregnanediol, crystalline 

Cewne 

Pulcgone 

Sodium-l-tartratc 

Sodium-;ii-tartrate 

Homogcntisic acid 
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Alabama’s “Sheep Kill” Laurel, Kalmia Icttifolia L. — 

A Preliminary Study* 

By WILLARD J. HADLEYt and HUGH H. HADEN, JR.t 

"Sheep kill” laurel, or "mountain laurel,” a bane to cattle raising in Alabama, was 
identified as Kalmia latijolia L. Half mature leaves were ground and extracted 
with a series of solvents. Glycosides were present in all extracts prepared with 
organic solvents. Extraaives obtained with isopropyl alcohol were hydrolyzed 
with hydrochloric acid and aglycone materials separated according to their differ- 
ences in solubilities. These appeared to be catechol-4-catechuic acid and cis and 
irans isomers of </-catechoI. A hydroxy flavane and a hydroxy chromane were 
indicated and both appeared to be affected by acid in the same manner as llavones. 

Cheep and cattle have been observed to when the plant is of nearly normal size but 
‘^suffer nausea, vertigo, and progressive scarcely mature. 

paralysis from nibbling the foliage of a In this first crop, taken before the laurel 
laurel which frequents fence rows in Ala- had stored much of its to.vic constituents, 
bama. These animals show little effect "we have found minute amounts of 2 glj'co- 
from feeding on the young plant, and deer sides. The aglycone portions of these' 
and goats appear little affected on eating appear to be protocatechuic acid and d- 
thc laurel at any stage of its development, catechol {cis and irans isomers), known 
Honey that is made by bees which have compounds (3-5), and the sugars, fructose, 
access to laurel, rhododendron, and others glucose, xylose, and arabinose. Chemical 
of the Heath family is regarded as unsafe confirmation is incomplete. Photomicro- 
for human food, but the bees store and graphs of the aglycone materials were 
consume it with safety^. Household decoc- obtained. No report has been found in the 
tions of laurel leaves have been given in literature of pharmacologic testing of these 
diarrhea and employ'^ed as lotions in skin compounds. Wc have thus far been unable 
diseases. Preparations of the leaves have to isolate amounts adequate for thorough 
even acquired reputations, in some sections, chemical study or for physiological exami- 
as palliatives in syqihilis. nation, and will resume the investigation 
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material were reported variously. The 
present study was undertaken for the pur- 
pose of isolation and identification of 
“androinedotoxin'’ or whatever poisonous 
agent is contained in Alabama’s "Sheep 
Kill’’ laurel. Future work will include 
observation of the physiological properties 
of the principles we have found indicated 
in this “mountain laurel.’’ 

EXPERIMENTAL 

Air-dried leaves of the laurel were ground to 
number 20 powder. 

The "drug constants” of the United States 
Pharmacopa-ia were found. The averages of 
these were as follows: 


"Characteristic” or "Constant" % 

Moisture 6.70 

Total ash 3 43 

Acid-insoluble ash* 0.20 

Ligroin-soluble extractives 4 . 54 

Ether -soluble extractives 10.30 

Alcohol-soluble extractives 30.80 

Hydroalcohol-soluble extractives 5.67 

Water-soluble extractives 17.25 


The drug was extracted, in Soxhlet apparatus, 
with 5 solvents, successively employed; viz., ligroin, 
ether, chloroform, alcohol, water. None of these 
extracts gave indications of the presence of alkaloids 
with the usual precipitants. 

From the ligroin extract a small amount of 
paraffin-type wax was obtained, by chilling an 
80% alcohol mixture. It melted indefinitely, and 
did not yield to fractionation by distillation in vacuo. 
The ligroin extract was observed to contain, also, 
some fixed oil, which was associated with resins 
that were made up of high molecular weight acids. 
The saponification number of the oily mixture was 
126 (8). Sterol tests (9, 10) were faint. Glycoside 
tests (11) were clear but weak. 

The ether extract yielded to cold water some 
catechol-type tannins (green in ferric chloride solu- 
tion), some glycosidic material (11), and sugars. 
These latter fonned addition products with 2,4- 
dinitrophenylhydrazinc but were incapable of 
restoring color to Schifl’s reagent. This was evi- 
deirce that the sugars were ketones. 

The chlorofonn extract gave tests rvhich paralleled 
those of the ether extract. This extract also bore 
difficultly soluble, fat-like jnaterial, indifferent 
toward all reagents and judged to be resenes. 

The alcohol extract gave the indications of glyco- 
sides, of catechol tannins and of kctonic sugars 
above, and j'ieldcd extractive material which was 
insoluble in alkali bicarbonate but soluble in alkali 
hydroride, confirming phenols. An osazone formed 
in two minutes, the reported time for Imctosazone 
( 12 ). 


* Found to contain calcium carbonate and ferrous suttidc. 


Molisch tests (11) and Fehling’s tests (13) were 
both positive on an acetone extract of a fresh sample, 
but the Molisch tests were negative on the same 
extract after the extract had been wanned with 
5% HCl, These observations lent evidence that 
the glycosides contained in the drug were easily 
hydrolyzable. 

The water extract, fifth in the series, above, gave 
Molisch tests and catechol tannin tests and yielded 
an osazone in five to fifteen minutes (clearly a mix- 
ture). The time factor, here, suggested glucose, 
xylose, and arabinose sugars (12). These are all 
aldehydes, and tests for carbonyl compounds in 
the ether extract, above, and the time of formation 
of the osazone from alcohol extractives, above, 
indicated ketonic sugars, specifically fructose. But 
glucose, xylose, or arabinose could conceivably be 
only a portion of the carbohydrate part of a glyco- 
side, between the aglycone and a fructose end unit. 
The carbohydrate would be cleaved more easily 
than the aglycone would be liberated, and, thus, 
while free fructose would be expected in the extracts 
obtained with organic solvents, above, e-xtraction 
of the drug with water would be accompanied by 
liberation of the aglycone from the immediately 
adjacent portion of the carbohydrate. This would 
give in the water extract these aldehydic sugars, 
which were not indicated in the ether, chloroform, 
and alcohol extracts. No characteristic physical 
form could be observed microscopically in the 
mixture of osazones. 

Isopropyl Alcohol Extract. — One kilogram of drug 
was extracted thoroughly, in So.xhlet apparatus, 
with isopropyl alcohol. The extract was acidified 
with HCl, then evaporated at moderate heat almost 
to dryness, and, finally, stirred into 5 L. of cold 
water. A fioceulent, grayish precipitate, consisting 
perhaps of aglycone substances and secondary glyco- 
sides, was recovered by centrifuging and washed 
irith an ether-acetic acid mixture. These washings 
yielded small amounts of two kinds of crystals, in 
a viscous, amber<olored matrix, the one filamentous 
and lacy and the other in elongated needles (lOX). 
The mixture was triturated with sand and extracted 
with chloroform. The chloroform extract yielded 
a few of the needle-shaped crj^stals but none of the 
other crystals. The amount obtained was too small 
to permit rccrystallization. The crude material 
melted at 190-210°, with decomposition. It pro- 
duced a green coloration u-ith ferric chloride, then 
red with sodium bicarbonate. These tests, together 
with the melting temperature obserx'ed, suggested 
catcchoI-4-carbo.vyI<c acid, called also protocatcchuic 
acid and veratric acid (3). A photograph of these 
crystals, in their dark, riscous matrix, is given in 
Fig. 1 {A) (lOOX). 

When a nrixture of the two kinds of crystalline • 
material was extracted with, first, cold glacial acetic 
acid and, second, chloroform, the former of these 
extracts was found to contain a small amount of 
the lacy crystalline material, above, and the latter 
extract yielded a few of the needle-shaped crystals. 
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Alabama’s “Sheep Kill” Laurel, Kctlmia Jdtifolia L. — 

A Preliminary Study 

By WILLARD J. HADLEYt and HUGH H. HADEN, JR.I 

"Sheep kill” laurel, or "mountain laurel,” a bane to cattle raising in Alabama, was 
identified as Kalmla tatijolla L. Half mature leaves were ground and extracted 
with a series of solvents. Glj-cosides were present in all extracts prepared with 
organic solvents. Extraaives obtained with isopropyl alcohol were hydrolyzed 
with hydrochloric acid and aglycone materials separated according to their differ- 
ences in solubilities. These appeared to be catechol-4-catechuic acid and cis and 
trails isomers of n'-catcchol. A hydroxy llavane and a hydroxy chromane were 
indicated and both appeared to be affected by acid in the same manner as flavones. 


Cheep and cattle have been obsert'ed to 
‘^suffer nausea, vertigo, and progressive 
paralysis from nibbling the foliage of a 
laurel which frequents fence rows in Ala- 
bama. These animals show little effect 
from feeding on the j’oung plant, and deer 
and goats appear little affected on eating 
the laurel at any stage of its development. 
Honey that is made by bees which have 
access to laurel, rhododendron, and others 
of the Heath family is regarded as unsafe 
for human food, but tlie bees store and 
consume it with safety. Household decoc- 
tions of laurel leaves have been given in 
diarrhea and employed as lotions in skin 
diseases. Preparations of the leaves have 
even acquired reputations, in some sections, 
as palliatives in syphilis. 

At the same time that the effects of this 
plant came to our attention, botanists at 
Tuskegee Institute and the George Wash- 
ington Carv'er Foundation began a system- 
atic identification of this banc to cattle 
growers. These investigators established it 
as Kahnia latifolia L., popularly called 
“mountain laurel,” “broad-leaf laurel,” 
“calico bush,” and “spoonwood” (1, 2). 
They volunteered to supply us with quan- 
tities sufficient for preliminary chemical 
c-xamination, and collected for tliis study 
about 10 pounds of the leaves in Alarion 
County, -Ala., in the month of June, a time 


• Hectjvet! July 2.’!, ID-IC, from the Pharmaej’ Department, 
DiWsion of l^harmaccutical Chemibtry, Ifoward College, 
Birmingham, Ala 

t Associate Profes'or. College of Pharmacy, University of 
Minnesota 

I Bachelor t)f Srience in Pharmacy with Honors, Howard 
College; Student in the Scb'*ol of Medicine, University of 
Alabama. 


when the plant is of nearly normal size but 
scarcely mature. 

In this first crop, taken before the laurel 
had stored much of its toxic constituents, 
wc have found minute amounts of 2 glyco- 
sides. The agl 3 'conc portions of these 
appear to be protocatechuic acid and d- 
catechol (m and I rati s isomers), known 
compounds (3-5), and the sugars, fructose, 
glucose, .xylose, and arabinose. Chemical 
confirmation is incomplete. Photomicro- 
graphs of the agl 3 Tone materials were 
obtained. No report has been found in the 
literature of pharmacologic testing of tliese 
compounds. We have thus far been unable 
to isolate amounts adequate for thorough 
chemical study or for ph 3 "siological exami- 
nation, and will resume the investigation 
when older laurel is available. Director R. 
W. Brown, of the George Washington Carver 
Foundation, and Professor H. J. Romm, of 
Tuskegee Institute, are collecting for us 
larger quantities of the leaves, taken at a 
more advanced stage of the plant's growth. 
The extractive principles so far obtained 
have appeared easily altered chemically. 
Wc shall, in repeating certain parts of this 
work, make some significant adaptations 
in procedure in the hope of overcoming 
losses at present sustained. 

A toxic extracti%"e was obtained from 
Kahnia latifolia b 3 ' Laschd, in bSSn, and 
named b 3 ' him “androtnedoloxin” ((>). 
Lasche and DeZaa 3 'er found “andromedo- 
toxin” nonnitrogenous. Their reported find- 
ings suggest that it was a gl 3 'coside (7). 
It is evident that “andromedotoxin” was 
a mixture. The melting points of their 
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material were reported variously. The 
present study was undertaken for the pur- 
pose of isolation and identification of 
“andromedotoxin” or whatever poisonous 
agent is contained in Alabama’s “Sheep 
Kill” ' laurel. Future work will include 
observation of the physiological properties 
of the principles we have found indicated 
in this “mountain laurel." 

EXPERIMENTAL 

Air-dried leaves of the laurel were ground to 
number 20 powder. 

The “drug constants” of the United States 
Pharmacopoeia were found. The averages of 
these were as follows: 


"Characteristic” or "Constant" % 

Moisture 6,70 

Total ash 3.43 

Acid-insoluble ash* 0.20 

Ligroin-soluble e.\tractives 4.54 

Ether -soluble extractives 10.30 

Alcohol-soluble extractives 30,80 

Hydroalcohol-soluble extractives 6.67 

Water-soluble extractives 17.25 


The drug was extracted, in Soxhlet apparatus, 
with 5 solvents, successively employed; via., ligroin, 
ether, chloroform, alcohol, water. None of these 
extracts gave indications of the presence of alkaloids 
with the usual precipitants. 

From the ligroin extract a small amount of 
paraffin-type wax was obtained, by chilling an 
80% alcohol mixture. It melted indefinitely, and 
did not yield to fractionation by distillation rn vacuo. 
The ligroin extract was observed to contain, also, 
some fixed oil, which was associated with resins 
that were made up of high molecular weight acids. 
The saponification number of the oily mixture was 
126 (8). Sterol tests (9, 10) were faint. Glycoside 
tests (11) were clear but weak. 

The ether extract yielded to cold water some 
catechol-type tannins (green in ferric chloride solu- 
tion), some glycosidic material (11), and sugars. 
These latter formed addition products with 2,4- 
dinitrophenylhydrazine but were incapable of 
restoring color to Schifl's reagent. This was evi- 
dence that the sugars were ketones. 

The chlorofonn extract gave tests which paralleled 
those of the ether extract. This extract also bore 
difficultly soluble, fat-like material, indifferent 
toward all reagents and judged to be resenes. 

The alcohol extract gave the indications of glyco- 
sides, of catechol tannins and of ketonic sugars 
above, and yielded extractive material which was 
insoluble in alkali bicarbonate but soluble in alkali 
hydroxide, confirming phenols. An osazone formed 
in two minutes, the reported time for fructosazone 
( 12 ). 


' Found to Contain calcium carbonate and ferrous suffldc. 


Molisch tests (11) and Fehling’s tests (13) were 
both positive on an acetone extract of a fresh sample, 
but the Molisch tests were negative on the same 
extract after the extract had been warmed with 
5% HCI. These observations lent evidence that 
the glycosides contained in the drug were easily 
hydrolyzable. 

The water extract, fifth in the series, above, gave 
Molisch tests and catechol tannin tests and yielded 
an osazone in five to fifteen minutes (clearly a mix- 
ture). The time factor, here, suggested glucose, 
xylose, and arabinose sugars (12). These are all 
aldehydes, and tests for carbonyl compounds in 
the ether extract, above, and the time of formation 
of the osazone from alcohol extractives, above, 
indicated ketonic sugars, specifically fructose. But 
glucose, xylose, or arabinose could conceivably be 
only a portion of the carbohydrate part of a glyco- 
side, between the aglycone and a fructose end unit. 
The carbohydrate would be cleaved more easily 
than the aglycone would be liberated, and, thus, 
while free fructose would be expected in the extracts 
obtained with organic solvents, above, e.xtraction 
of the drug with water would be accompanied by 
liberation of the aglycone from the immediately 
adjacent portion of the carbohydrate. This would 
give in the water extract these aldehydic sugars, 
which were not indicated in the ether, chloroform, 
and alcohol extracts. No characteristic physical 
form could be observed microscopically in the 
mixture of osazones. 

Isopropyl Alcohol Extract. — One kilogram of drug 
was extracted thoroughly, in Soxhlet apparatus, 
with isopropyl alcohol. The extract was acidified 
with HCI, then evaporated at moderate heat almost 
to dryness, and, finally, stirred into 5 L. of cold 
water. A flocculent, grayish precipitate, consisting 
perhaps of aglycone substances and secondary glyco- 
sides, was recovered by centrifuging and washed 
with an ether-acetic acid mixture. These washings 
yielded small amounts of two kinds of ciy^stals, in 
a viscous, amber-colored matrix, the one filamentous 
and lacy and the other in elongated needles (lOX). 
The mi.vture was triturated with sand and extracted 
with chloroform. The chloroform extract yielded 
a few of the needle-shaped crystals but none of the 
other crystals. The amount obtained was too small 
to permit recryslallization. The crude material 
melted at 190-210°, with decomposition. It pro- 
duced a green coloration with ferric chloride, then 
red with sodium bicarbonate. These tests, together 
with the melting temperature observed, suggested 
catechol-4-carboxylic acid, called also protocatechuic 
acid and veratric acid (3). A photograph of these 
crj-stals, in their dark, riscous matrix, is given in 
Fig. 1 (A) (lOOX). 

When a mixture of the two kinds of crystalline ■ 
material was extracted with, first, cold glacial acetic 
acid and, second, chlorofonn, the former of these 
e.\tracts was found to contain a small amount of 
the lacy crystalline material, above, and the latter 
extract j-iclded a few of the needle-shaped crystals. 
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TIic former deposit was laboriously separated with 
a teasing needle, under a niagnifjiiig glass, into what 
appeared as main threads and what appeared as 
fdlcr threads. These “main threads” melted, 
without reciA'Stallization, at 177— ISO The "filler 
threads" melted, without recr>-staIlization, at 240- 
245'. Both produced a green coloration with ferric 
chloride. Both were found soluble in water, alcohol, 
ether, and dilute alkali hydroxide, but not in dilute 
alkali bicarbonate. These tests, together with the 
melting temperatures obsciwed, suggested the two 
geometric isomers of J-catccliol (4, 5). A photo- 
graph of this crystalline material, in its viscous, 
amber-colored matrix, is given in Figure 1 (B) 
(lOOX). 



The last of the drug on hand, somewhat less than 
1 Kg., was percolated with isopropyl alcohol. The 
percolate was caught and distributed in a mixture 
of purified sand and gravel. The solvent was re- 
moved by distillation, and the residue was steam 
distilled. The distillate contained volatile oil and 
a small amount of crystalline material which 
satisfied the tests for catechol-4 -carboxylic acid. 
This material was rapidly discolored by exposure 
to air, precluding recovery. Tlic residue of steam 
distillation was extracted with glacial acetic acid. 
This extract was distributed on sand and gravel 
and evapo^cd to dryness and the absence of acetic 
acid odor. The residue was then treated with 


boiling water. The water solution, dark brown, 
gave tests for the presence of catcchol-4-carboxylie 
acid, but yielded no crystalline substance. Instead, 
fairly abundant brown-black, amorphous material 
settled out. It was apparent that the hot acid pro- 
duced changes in the flavanol and the chromanol 
whicli gave deeply colored, amorphous compounds. 
The acid could be expected to produce ring-opening 
in cither of these, giving reduced chalconcs that 
gave cations which conferred color (14). 


SUMMARY 

Alabama’s “sheep kill” laurel, whieh was 
identified b)' eollaborators as Kalmia lati- 
folia L., was found to store ttvo glyeosides, 
as it approached maturity, but gave no 
indications of alkaloids. The writers hy- 
pothesize that a mixture of these glycosides 
was Laschd and DeZaayer’s “andromedo- 
toxin.” Small quantities of aglycone ma- 
terials were obtained in impure state. The 
preliminary chemical study and the photo- 
micrographs obtained suggested catechol-4- 
carboxylic acid and both the geometric 
isomers of i-catechol. Glucose, xylose, 
arabinose, and fructose were the indicated 
sugars. 
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The Thiamine Content of Herbs and 
Medicinal Plants* 

By ALEXANDER S. CHAIKELISt 


By means of a photofluorometric assay tech- 
nique, eliminating the elution phase, devised 
to investigate the thiamine content of plant 
material ranging from rhizomes and roots 
to barks, leaves, and flower tops, the thiamine 
concentration in herbs and medicinal plants 
was determined. A spot check analysis of 
41 genera belonging to 20 distinct and 
separate botanical families showed a thiamine 
range from 125 to 2880 micrograms per 100 
Gm. of dried substance. This vitamin Bi 
content was postulated as a possible modus 
operand! of the many infusions and de- 
coaions of medicinal herbs prescribed in 
cases of anorexia, dyspepsia, general debility, 
and nervousness. 


TJor many centuries the use of plants 
in the alleviation and cure of bodUy 
ills received wide attention but little official 
sanction until in the reign of King Henry 
VIII Parliament enacted what is now 
popularly known .in England, “The Herba- 
lists’ Charter” (1). 

Healers, like Nicholas Culpepper (1616- 
1654) in England and Samuel Thompson 
(1769-1843) in America, did much to ad- 
vance the study and practice of herbalism. 
Apart from the claims made by the herba- 
lists, the use of herbs as sources of drugs, 
like those described in articles and books on 
pharmacognosy and/or materia medica, 
has done much to justify their usefulness 
in medicine (2-7). 

Witli our present knowledge of the various 
sources of vitamins, can it be that the cumu- 
lative beneheial results produced by tlie use 
of herbs, exclusive of their medicinal proper- 
ties, might be the effects of increased vita- 
min intake? To obtain information along 
this line of tliought, it was decided to make 
a spot check on some herbs and otlier plants, 


* Received Jtily 0, 1946, from the Biology Department, 
The City College, and the Department of Industrial 
Hygiene, School of Public Health, Columbia Universitj’, 
New York City, 

t The author expresses his gratitude to Dr. Frederick B. 
Flinn, Director of the Department of Industrial Hygiene, 
School of Public Health. Columbia University, for lus en- 
couragement, and to HofTmari-LaRoche, Inc., Nutley, N. J., 
for don.ations of thiamine. 


emphasis to be on those which were and are, 
at present, described as possessing tonic, 
stomachic, and stimulant actions in cases 
of dyspepsia, constipation, general debility., 
and nervousness. Since all higher plants 
are able to not only synthesize thiamine 
but to excrete it through the roots, it seemed 
logical to investigate the existence and 
quantity of thiamine in these and other 
parts of the dried plants that had recognized 
medicinal value. 

Samples of the herbs and medicinal plants 
were purchased in the dried state from a 
reliable distributor of such material. The 
plants so bought represented 41 genera 
belonging to 20 separate botanical families. 
This number of specimens was considered 
to be an adequate sampling of the entire 
group of medidnals. 

EXPERIMENTAL 

Based on the idea of procedure for thiochrome 
determination described by Hennessy (8) and the 
digestion method of plant material to release the 
thiamine in the free state as well as the phosphory- 
lated form (cocarboxylase) suggested by Platt and 
Block (9), the thiamine content of the plant material 
was analyzed by the following method devised to 
fit the demands of the material under investigation 
and the requirement of a quick, reliable technique. 

A. Reagents Required. — The many reagents 
needed to effectively carry out the thiochrome 
determinations included those listed in the U. S. P., 
those enumerated by Platt and Block (9), and those, 
such as the needed standard solutions, described 
in (10). 

The digesting enzymes papain and clarase before 
use were treated in the following manner: A 5-Gm. 
batch of each enzyme is suspended in 50 cc, distilled 
water and shaken thoroughly. To this suspension 
is added SO cc. isobutanol, and the mixture again 
shaken in a separatory' funnel. Discard the super- 
natant isobutanol fraction, repeating the process 
until the isobutanol portion when oxidized with 
NaOH and KiFc(CN)j shows no evidence of thio- 
chronic when examined in a photofluorometer. 

The aqueous fraction is tlien treated with ethanol 
to precipitate the enzymes, filtered, and the residue 
dried in racuo. The dry amorphous powder is 
tlien ready for use in the digestion phase of the 
treatment section of the procedure. 
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Tile foniicr deposit was laboriously separated with 
a teasing needle, under a niaguif\-ing glass, into what 
appeared as main threads and what appeared as 
filler threads. These “main threads” melted, 
without rccrj’stallization, at 177— ISO”. The "filler 
threads” melted, ivithout recrj'stallization, at 240- 
2-!5'. Both produced a green coloration with ferric 
chloride. Both were found soluble in water, alcohol, 
ether, and dilute alkali hydroxide, but not in dilute 
alkali bicarbonate. These tests, together with the 
melting temperatures observed, suggested the two 
geometric isomers of d^iatccliol (4, 5). A photo- 
graph of this crystalline material, in its viscous, 
aiiiber<olorcd matrix, is given in Figure 1 (S) 
(lOOX). 



The last of the drug on hand, somewhat less than 
1 Kg., was percolated with isopropyl alcohol. The 
percolate was caught and distributed in a mixture 
of purified sand and gravel. The solvent was re- 
moved by distillation, and the residue was steam 
distilled. The distillate contained volatile oil and 
a small amount of crj’stallinc material which 
satisfied the tests for catcchol-l-carboxylic acid. 
This material was rapidly discolored by exposure 
to air, precluding recovery. The residue of steam 
distillation was extracted with glacial acetic acid. 
This extract was distributed' on sand and gravel 
and evapo^ted to drjmess and the absence of acetic 
acid odor. The residue was then treated with 


boiling water. The water solution, dark brown, 
gave tests for the presence of catecltol-4-carboxylic 
acid, but yielded no crj-stalline substance. Instead, 
fairly abundant browm-black, amorphous material 
settled out. It avas apparent that the hot acid pro- 
duced changes in the flavanol and the chromauol 
whicli gave deeply colored, amorphous compounds. 
The acid could be expected to produce ring-opening 
in cither of these, giving reduced chalconcs that 
gave cations which conferred color (14). 


SUMMARY 

Alabama’s “sheep kill” laurel, whiclt was 
identified by collaborators as Kalmia lali- 
folia L., was found to store two gl 3 '^cosides, 
as it approached maturity, but gave no 
indications of alkaloids. The writers hj'- 
potliesize that a mixture of these glycosides 
was Laschd and DeZaayer’s "androniedo- 
toxin.” Small quantities of aglycone ma- 
terials were obtained in impure state. The 
preliminary chemical study and the photo- 
micrographs obtained suggested catechol-4- 
carboxylic acid and both tlie geometric 
isomers of d-catechol. Glucose, xylose, 
arabinose, and fructose were the indicated 
sugars. 
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The Thiamine Content of Herbs and 
Medicinal Plants* 

By ALEXANDER S. CHAIKELISt 


By means of a photofluorometric assay tech- 
nique, eliminating the elution phase, devised 
to investigate the thiamine content of plant- 
material ranging from rhizomes and roots 
to barks, leaves, and flower tops, the thiamine 
concentration in herbs and medicinal plants 
was determined. A spot check analysis of 
41 genera belonging to 20 distinct and 
separate botanical families showed a thiamine 
range from 125 to 2880 micrograms per 100 
Gm. of dried substance. This vitamin Bi 
content was postulated as a possible modus 
operand! of the many infusions and de- 
coctions of medicinal herbs prescribed in 
cases of anorexia, dyspepsia, general debility, 
and nervousness. 


■poR MANY CENTURIES the use of plants 
in the alleviation and cure of bodily 
ills received wide attention but little official 
sanction until in the reign of King Henry 
VIII Parliament enacted what is now 
popularly known in England, “The Herba- 
lists’ Charter’’ (1). 

Healers, like Nicholas Culpepper (1616- 
1654) in England and Samuel Thompson 
(1769-1843) in America, did much to ad- 
vance the study and practice of herbalism. 
Apart from the claims made by the herba- 
lists, the use of herbs as sources of drugs, 
like those described in articles and books on 
pharmacognosy and/or materia medica, 
has done much to justif}’^ their usefulness 
in medicine (2-7). 

With our present knowledge of the various 
sources of vitamins, can it be that tlie cumu- 
lative beneficial results produced by the use 
of herbs, exclusive of tlieir medicinal proper- 
ties, might be the effects of increased vita- 
min intake? To obtain information along 
this line of tliought, it was decided to make 
a spot clieck on some herbs and other plants. 


* Received Jujy 9, 19HG, from the Biology Department, 
The City College, and the Department of Industrial 
Hygiene, School of Public HeaRh, Columbia University, 
New York City. 

^ t The author expresses his gratitude to Dr. Frederick B. 
I'Han, Dirccto^ of the Department of Industrial Hygiene, 
School of Public Health. Columbia University, for his en- 
couragement, and to HofTman-kaRoebe, Inc., Nutlcy, N. j., 
for donations of thiamine. 


emphasis to be on those which were and are, 
at present, described as possessing tonic, 
stomacluc, and stimulant actions in cases 
of dyspepsia, constipation, general debilityj 
and nervousness. Since all higher plants 
are able to not only synthesize thiamine 
but to excrete it through the roots, it seemed 
logical to investigate the existence and 
quantity of thiamine in these and other 
parts of the dried plants that had recognized 
medicinal value. 

Samples of the herbs and medicinal plants 
were purchased in the dried state from a 
reh’able distributor of such material. The 
plants so bought represented 41 genera 
belonging to 20 separate botanical families. 
This number of specimens was considered 
to be an adequate sampling of the entire 
group of medicinals. 

EXPERIMENTAL 

Based on the idea of procedure for thiochrome 
determination described by Hennessy (8) and the 
digestion method of plant material to release the 
thiamine in the free state as well as the phosphory- 
lated form (cocarboxylase) suggested by Platt and 
Block (9), the thiamine content of the plant material 
was analyzed by the following method devised to 
fit the demands of the material under investigation 
and the requirement of a quick, reliable technique. 

A. Reagents Required. — The many reagents 
needed to effectively carry out the thiochrome 
determinations included those listed in the U. S. P., 
those enumerated by Platt and Block (9), and those, 
such as the needed standard solutions, described 
in (10). 

The digesting enzymes papain and clarase before 
use were treated in the following manner: A S-Gm. 
batch of each enzyme is suspended in 50 cc. distilled 
water and shaken thoroughly. To this suspension 
is added 50 cc. isobutanol, and the mixture again 
shaken in a separatory funnel. Discard the super- 
natant isobutanol fraction, repeating the process 
until the isobutanol portion when oxidized with 
NaOH and K,Fe(CN)s shows no evidence of thio- 
chrome when e-xamined in a photofluorometer. 

The aqueous fraction is then treated with ethanol 
to precipitate the enzymes, filtered, and the residue 
dried in raato. The drj^ amorphous powder is 
then ready for use in the digestion phase of the 
treatment section of the procedure. 
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B. Treatment of the Substance to Be Ana- 
lyzed. — 1. Place 10 Gm. of the substance, dried 
and finely ground, in a 250-cc. flask. 

2. Add 90 cc. A^/10 HjSOj, mix thoroughly, 
and then add 0.2 Gm. -batches each of the purified 
papain and clarase. 

3. Now add 10 cc. of the M/10 sodium acetate- 
acetic acid buffer solution. Mix well (check pH 
with bromcresol green so that it is 4.0; correct 
with either 10% HCl or 10% NaOH). 

4. Stopper flask and heat the mixture at 40-45“ 
for from sixteen to eighteen hours. 

5. Remove flask, add 0.2 cc. glacial acetic acid, 
and heat mixture to 80“ to coagulate the proteins. 

6. Cool flask to room temperature; centrifuge 
a 20-cc. portion, and save the clear supernatant 
aqueous layer for the analysis. 

7. Oxidation (by means of alkaline ferricyanide) 
of thiamine to thiochrome, which is extracted by 
isobutanol, is followed by measurement of the 
fluorescence in ultraviolet light of the thiochrome 
formed. The thiamine pyrophosphate also forms 
a fluorescent thiochrome, which is not. however, 
soluble in isobutanol — hence one reason for the 
enzyme treatment to hydrolyze the thiamine pyro- 
phosphate to thiamine. 

8. With a Coleman Universal Spectrophotometer 
;^11 adapted with an ultraviolet illuminator and the 
requisite filters for thiamine study, determine the 
degree of fluorescence using the substitute working 
standard of quinine sulfate (3 gamma per cc.). 
See details in the direction booklet (11). 

RESULTS 

The values for the vitamin Bi content of the 41 
genera of herbaceous medicinal plants are repre- 
sented in Table I. The thiamine, in micrograras 
per gram of dried substance, as listed in the table 
represents the mean value of three distinct and 
separate samples of each plant studied. 

Of the total number of plants studied in this spot 
check, it can be seen by reference to Table I that a 
group of seven medicinal plants contain thiamine 
in excess of 1600 y/100 Gm. of substance. These 
seven plants arranged in order of the highest thia- 
mine content arc: Prickly Ash (Xanllioxylum 
americanum Miller), Black Alder (Ilex verticillala 
Linn.), White Ash (Fraxinus americana Linn.), 
Buchu (Barosma belulina Bartling & Wendland), 
Cherry (Prunns serolina Linn.), Quassia (Picrasma 
excclsa Panchon), and Dandelion (Taraxacum 
officinale Weber). 

On the other hand, five genera show a thiamine 
content of less than 300 y/lOO Gm. of dried sub- 
stance. Arranged in order from the lowest to the 
highest concentration these five herbs are: Parsley 
(root) (Pelrosclinum saiirum Hoffman), Southern- 
wood (Artemisia abrotanum Linn.), Agrimony 
(Agrimony etipalorium Linn.), Strawberry (wild) 
(Fragaria mrginiano Linn.), and Bugleweed 
(Lycopus uniflorus Linn.). The remaining herbs 
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in the series range from 365-1154 y/100 Gm. of 
.substance. 

DISCUSSION 

Many factors influence the effectiveness 
with which a plant sjuthesizes vitamins. 
Therefore the values reported in this paper 
cannot be considered as constant but merely 
as indicative of the concentration of thia- 
mine contrary to the claim made that leaves, 
for instance, belonging to higher plants 
regardless of the botanical family source 
contain a constant thiamine concentration 
equal to 75 micrograms per 100 Gm. 

It is an accepted fact that animals (in- 
cluding man) require a daily intake of 
thiamine because this vitamin is not stored 
in the organism although, as Westerbrink 
(12) reported, relatively higher concentra- 
tions are found in the liver, kidneys, heart, 
muscle, and brain than in the blood stream. 
The animal organism absorbs only as much 
thiamine as is needed for the time being, 
all excess is excreted and to a small extent 
destroyed in the body. 

The physiological action of thiamine in 
the animal organism in the form of its 
pyrophosphoric acid ester is intimately 
concerned with carbohydrate, fat, and 
water metabolism. Thus, glycogen, the 
specific animal carbohydrate, requires the 
presence of this vitamin to be properly 
metabolized. The fat metabolism is in- 
fluenced by vitamin Bi only in so far as the 
synthesis of fat from carbohydrate is con- 
cerned. The water metabolism in the 
animal organism seems connected with 
the action of this vitamin, probably through 
the carbohydrate metabolism. Edema and 
water imbibitions in the heart and in other 
organs are symptoms of thiamine inade- 
quacy. Vitamin Bi deficiency affects, first 
of all, the emotions and the tonus of the 
nervous system, for this substance takes 
part ,in the conduction of nerv^e impulses 
as shown by Minz (13) tliat acetylcholine 
and vitamin Bj are liberated during impulse 
conduction. 

Further symptoms of tliiamine defidenej’- 
are loss of appetite (anore.xia), lowered 
physical endurance associated with unusual- 
susceptibility to fatigue, gastrointestinal 
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disturbances (dyspepsia, constipation), mus- 
cular weakness, and a decrease of the blood 
pressure. 

Attention is called to the fact tliat it is 
precisely for such discomforts that many 
herb infusions and decoctions, known as 
“tonics,” have been prescribed. The indica- 
tions arc tiiat tliese prescriptions materially 
benefited the ailing individual, at least in 
a small measure, by providing him witli 
readih’ absorbable thiamine and its phos- 
phoiylated fonn at a time when his sj’stem 
was in great need of tliese items. 

SUMMARY 

1. The tliiamine content of a spot check 
anah’sis of 41 genera of herbs and medicinal 
plants was determined by means of tlie 
photofluorometric tedmique. 

2. A photofluorometric assay technique 
was devised employing tlie suggestions of 
Hennessy (S) and tliosc of Platt and Block 
(9). 

3. These 41 genera of herbs and medici- 


nal plants belonging to 20 separate bohin- 
ical families showed a thiamine content 
ranging from 125-2SS0 micrograms per 100 
Gm. of dried substance. 

4. The rational basis for tlie use of herb 
infusions and deeoctions in tlie form of 
“tonics” is suggested on tlie basis of the 
ph 3 'siological action of tliiamine in the 
animal organism. 
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Persistence of Penicillin in Saliva After Local 
Oral Application* 

By MILTON GJELHAUG LEVINE and ROBERT E. HOYT 


Penicillin for local application to the mouth 
area was administered in a chicle base chew- 
ing gum, in flavored paraffin, and in a mouth- 
wash. The retention time of penicillin in 
the saliva for each of these dosage forms with 
varj’ing concentrations of the drug is recorded 
in this report. 

' I 'he use of penicillin in the buccal cavity 
has been suggested in hemolytic strepto- 
coccus infections, tonsillitis, Vincent’s 
disease (acute ulcerative gingivostomatitis), 
Ludvrig’s angina, for lesions of the oral 
cavity involving loss of surface, and for 
prophylactic use in operative procedures 
of the mouth. Of all these, the most con- 
v-incing therapeutic evidence has been ad- 

• Reertved Au?- 12. 1940. from th? Institute of nxprri- 
mestxl Mftiicir?. Cf'Hegc <■! Mctlical Lvanjcluts, Los 
Acgeles. Ca!:f. 


duced for the use of local preparations in 
Vincent’s angina. 

Our own experiences and those reported 
by other investigators (1, 2, 9, 10) indicate 
that in most cases Vincent’s disease may be 
cured in from twenty-four to forty-eight 
hours by the local application of penicillin. 
The results for other infections so far have 
been inconclusive, although preliminary 
reports (2-.5) indicate that Group A strepto- 
cocci may be reduced in number and even 
eliminated by local applications of peni- 
cillin. However, more satisfactory results 
may be obtained by parenteral administra- 
tion of the drug. Parenteral administration 
of penicillin has also proved to be of v'aluc 
in Ludwig's angina (G, 7). 

The treatment of acute ulcerativ’c stoma- 
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titis by local application of penicillin is 
obviously preferable to parenteral adminis- 
tration, since most cases are ambulatory, 
seen either by the physician or dentist. 
Two preparations have been suggested for 
this purpose; the pastille (2), and the 
mouthwash (1). Gregory and Lang (2) 
incorporated 500 units of penicillin into a 
pastille. Penicillin was said to be present 
in the saliva up to thirty minutes after re- 
moval of the pastille although no unitage 
was mentioned. The mouthwash suggested 
by Schmidt and Horwitz (1) contained 200 
units of penicillin per cubic centimeter of 


foil). The gum was chewed during the entire 
period of observation. The mouthwash was pre- 
pared by combining penicillin vrith dibasic and 
monobasic sodium phosphate to give a />H of 6. 
This tablet was dissolved in 20 cc. of water; the 
whole volume was then swished around in the 
mouth for one minute and expectorated. 

The third medication consisted of calcium peni- 
cillin in flavored paraffin and was chewed during the 
entire observation period. 

Assays of penicillin in saliva (made by the O.xford 
cup technique) were employed as an index of per- 
sistence of the drug in the mouth. The results are 
reported in Table I. The sign > indicates greater 
than, the sign < indicates less than the number of 
units reported. Each figure represents an average 


Table I. — Persistency of Penicillin in Saliva in Units per Cc. of Saliva 



Gum 

Paraffin, 

Paraffin, 

Paraffin, 



Mouthwash® 

Time, 

400 Units 

10,000 Units 

20,000 Units 

40,000 Units 

Mouthwash® 

Mouthwash® 

10,000 

• Hr. 

Total 

Total 

Total 

Total 

200 Units/Cc. 

5000 Uaits/Cc. 

Units/Cc. 

Vr 

>1 

>1 

>1 

>1 

0.5 

>1 

>1 

1 

>1 

>1 

>1 

>1 

0.25 

>1 

>1 

I'A 

1 

>1 

>1 

>1 

<0.25 

>1 

>1 

2 

0.5 

1 

>1 

>1 

<0.25 

>1 

>1 

2Vi 

0.25 

1 

>1 

>1 

0 

>1 

>1 

3 

<0.25 

1 

>1 

>1 


>1 

>1 

SVs 

• • • • 

<0.25 

0.5 

>1 


0.25 

0.5 

4 

— 

0 

0.5 

>1 


<0.25 

0.5 


“ A total of 20 cc. of tnouthwasb was used in each case. 


normal saline. The mouth was washed by 
swishing one mouthful of the solution 
around the mouth once eveiy four hours. 
Again, no figures were reported on per- 
sistence of the drug in the saliva. Other 
preparations have been suggested: Strock 
(8) has reported having patients hold a 
solution containing 5000 units per cubic 
centimeter in the mouth for periods up 
to one hour. Denny and co-workers (9) 
swabbed a solution containing 250 units 
per cubic centimeter on the Vincent’s ulcers 
four times daily. In both instances, the 
methods were cumbersome and the assay 
data supplied were inadequate. 

To supply more complete data on the per-* 
sistence of penicillin in the mouth after 
local application the following e.xperimental 
study was undertaken. 

EXPERIMENTAL 

For local application to the mouth area, penicillin 
was administered in clicwing gum, in a mouthwash, 
and in a flavored paraffin base. The gum contained 
400 units of penicillin per stick (1 Gm. of chicle 
base flavored with saccharin and WTapped in lead 


of at least four observations on four different 
subjects, 

DISCUSSION 

The persistence of penicillin in the mouth for 
periods up to four hours in length depends on the 
amount of penicillin involved regardless of the 
preparation. Of special interest is the prolonged 
presence in the mouth of penicillin after washing 
with the medicated solution for only one minute. 
The choice of an oral preparation will depend on 
the particular circumstance. Where the patient 
can chew for long periods, the gum or paraffin type 
is preferable, since the total number of units re- 
quired for a continuous high level is less than with 
the mouthwash. However, where the patient 
cannot chew the mouthwash is desirable. 

It must be emphasized that if a mouthwash is 
used, no food or liquid should be employed since 
these will undoubtedly dilute the penicillin remain- 
ing in the mouth. 

It is difficult to set^a therapeutic level for peni- 
cillin in the mouth since no chemotherapeutic in- 
vestigation has been carried out on the controversial 
organism thought to be the cause of Vincent’s 
disease. However, since 0.3 of a unit of penicillin 
(10) is the upper limit reported to be needed for 
bactcriostasis of susceptible bacteria in plasma, such 
a figure must arbitrarily be used in interpreting the 
data herein presented for saliva. 
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The Interaction of Sympathomimetic Pressor Amines: 
Inversion of the Vonedrine Pressor Action 
by Paredrine* 


By RAYMOND P. AHLQUISTt 

The presence of Paredrine [/9(/'-hydroxyphenyl)-isopropylmethylamine] in the 
anesthetized dog causes the pressor artion of Vonedrine (/9-phenyl-«-propylmethyl- 
amine) to become inverted to a depressor action. Correlation of the arterial pres- 
sure and the rate of blood flow in the hind leg or head shows that this depressor 
action is due to peripheral vasodilation. Repeated doses of Vonedrine alone 
produce a diminishing pressor response but no depressor action. Other amines, 
including epinephrine, ephedrine, tyramine, Sympatol, and Propadrine, do not 
inven Vonedrine and are themselves not inverted by Paredrine. Benzylimidazoline, 
a sympathomimetic antipressor agent, does not invert Vonedrine. The Endings in 
this study indicate that the inversion of the Vonedrine pressor response by Paredrine 
may be an example of true reversal of action and not an unmasking of a normally 

present response. 


HE CARDIOVASCULAR response to a 
synipatlioiliiinetic pressor amine is al- 
ways inoclifieci by the presence of a previous 
dose of the same or another amine. The 
pressor response may be augmented or 
diminished or converted completely or 
partially to a depressor response. The 
pressor action of epinephrine is usually 
increased by the presence of ephedrine 
although in some cases it may be diminished 
(1). Lewis (2) has recently shown that 
several N-substituted he.xylamines poten- 
tiate the jiressor action of epinephrine, 
ephedrine, phenylethylamine, and cyclo- 
he.xylethylmethylamine. diminishing pres- 


* l^ccrivffl July 2C>. 19 1»». frtim tlic Department td Pharma- 
ctuo"v, I’nivcrvity of Gef*rgia School of Metlictne. Augusta, 
0.1 

I're'vrntetl to the Scientific Section. A. Pit. A., Pittsburgh 
rneclinit. 1019. 

1 This stuily was supp^irteil in part by a grant from Eli 
I.illj am! Co The drugs usetj in this study were kindly 
'upphci! by the following. Wra S .Merrell C<». (Vonedrine 
IlCi). Smith. Khne am! French (Paretlrinc HRr), Frede- 
rick Steams ani! C»» (Sympatol HCIJ. Sharpe and Dohme 
(Propadrine HCH. Ciba ITiarmacrtitical Prinlucts, Inc, 
tPn« 0 ‘l HClband betlerl'’ I-alxrratiTics (Hepannl. 


sor response to repeated administrations 
(tachyphylaxis) occurs with a large number 
of sympathomimetic amines. Cross tachy- 
phylaxis can also occur. Ephedrine has 
been shown to prevent the pressor action 
of some of the aliphatic amines thus allow- 
ing a depressor action to appear (.3). Ham- 
bourger and Jamieson (4) showed that (3- 
(p-ethylphenyl) ethylmethylaminc reversed 
the pressor action of phenylethylamine and 
other similar compounds. 

This report concerns another example of 
inversion of the pressor response; the pres- 
sor action of Vonedrine (/3-phenyl-w-propyl- 
niethylamine) is converted to a depressor 
action by the presence of Paredrine (/?- 
(p-hydro.\yphenyl) isopropylmcthylaniinc). 
Paredrine has an action similar in most 
respects to that of ephedrine (.5, fi), lacking, 
however, the marked central stimulant 
action. Tachyphylaxis to the pressor re- 
sponse develops if the doses are rapidly re- 
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peated (7). Vonedrine, a volatile amine 
which has been proposed as a nasal vaso- 
constrictor, also has an action similar to 
ephedrine (8). Tachyphylaxis to the pressor 
action of this drug has not been described. 

EXPERIMENTAL 

Dogs lightly anesthetized with morphine and ether 
were used throughout. Blood pressure was re- 
corded from the carotid or femoral artery by means 
of a mercury manometer or a Hamilton manometer 
(9). Blood flow was measured in the hind leg or 
head by inserting a Gregg-Shipley Rotameter (10) 
into the appropriate artery following the adminis- 
tration of heparin. The height of the float in the 
Rotameter was recorded on the kymograph by an 
electro-mechanical system. Atropine (0.5 mg. per 
Kg.) was administered to the animals to abolish 
the vagal reflex and other postganglionic cholinergic 
effects. The amines were used in the form of their 
water-soluble salts and all doses are given on a 
milligram per kilogram basis. 


after i^redrine producing a marked fall in blood 
pressure associated with active peripheral vaso- 
dilation. If the dose of Paredrine was equal milli- 
gram for milligram with the dose of Vonedrine no 
pressor action of the Vonedrine was apparent. If, 
however, the dose of Paredrine was one-half to one- 
third that of the Vonedrine then Vonedrine pro- 
duced a slight rise in pressure after the primary 
fall. With 1 mg. of Paredrine this reversal action 
persisted from one to two hours. Repeated doses 
of Vonedrine alone produced a diminishing pressor 
response (tachyphylaxis) but in no case did a de- 
pressor action become apparent. 

At least two distinct mechanisms should be 
involved in this reversal of Vonedrine by Paredrine 
since the pressor action of Vonedrine is due both 
to cardiac stimulation and peripheral vasocon- 
striction. That Paredrine converts the vasocon- 
strictor action of Vonedrine to vasodilation is ap- 
parent in the blood flow studies. Vonedrine 
normally increased the heart rate in the atropinized 
dog during the pressor action but after Paredrine 
this increase in heart rate did not occur. This may 
be taken as evidence that the cardiac stimulant 


INTRA-ARTERIAL INTRAVENOUS 



VON, PAR. VON. VON. PAR.' VON. 

0.0 i 0.01 0.01 1. 0.5 I. MG. 

Pig. 1. — Carotid Blood Pressure and Femoral Blood Flow. 


Dog, male, 13 Kg., Upper: Blood flow in cc. per minute. Center: Mean arterial blood pressure in mm. 
of Hg. Lower; Base line (at 80 mm. Hg) and time signals at one-minute intervals. At the first break in 
the record fifteen minutes and at the second break sixty minutes have been deleted. For the intra-arterial 
administrations the compounds were injected in a volume of 0.1 cc. into the peripheral side of the flow- 
meter, Intravenous administrations were made into the femoral vein. Note the active vasodilation pro- 
duced by the Vonedrine after Paredrine. This dilation is shown by the increased blood flow without any 
change in arterial pressure after intra-arterial injection. On intravenous administration the dilation is more 
apparent as the flow increases during the marked fall in pressure. The increased blood flow which occurs 
with the first intravenous doses of Vonedrine and Paredrine is a passive increase due to the high arterial 
pressure. 


RESULTS AND DISCUSSION 

The observation that Paredrine reversed the 
pressor action of Vonedrine was first made during 
the course of another study on the sympathomimetic 
amines. It was observed that doses of 1 to 3 mg. 
of Vonedrine lowered the blood pressure in an animal 
which had received 1 mg. of Paredrine twenty 
minutes before. This observation was then con- 
firmed in several other animals. Figure 1 shows 
the characteristics of this reversal effect, Vonedrine 


action of Vonedrine is inhibited by the Paredrine. 
The effect of Vonedrine after Paredrine probably 
represents the algebraic sum of the diminished 
cardiac stimulation and the active peripheral vaso- 
dilation. WHien equal doses of the two compounds 
are used the cardiac stimulant action of the Pare- 
drine is completely inhibited, therefore only a de- 
pressor response due to the vasodilation appears. 
When the dose of Paredrine is less than the dose of 
Vonedrine the depressor phase is followed by a slight 
pressor response due to only partial inhibition of the 


o50 Journal of the American PiiarjiaceutiCiVL Association 


\'onc<!riiic cardiac stimulation by the Paredrine. 

A number of otlier amines were tested as to their 
influence on Voncdrinc. These included tyramine 
(d-(p-hydroxj-phcnyl) cthylamine), Synipatol (fl- 
(/>-hydroxyphcnyI) cthanolmcthylaminc), Propa- 
drinc (S-phcnyl isopropanolaminc), ephcdrinc, and 
epinephrine. Xonc of these compounds inhibited 
or reversed \'onedrinc and none of them restored 
the I'onedrinc pressor action after Paredrine. 
Paredrine had no reversing action on any of these 
compounds. The Paredrine pressor action was 
unchanged following Voncdrinc. 

•An inversion of the pressor action of the sympa- 
thomimetic amines may occur if the pressor re- 
sponse is removed by an antipressor agent, and if 
a normally masked depressor effect is present. 
Epinephrine reversal by the adrenolytic agents is 
due to this type of action. Bcnzylimidazolinc 
hydrochloride (Priscol-Ciba), a sympathomimetic 
antipressor agent, has been shown to selectively 
block the pressor action of the amines without 
influencing their depressor action (11). Priscol 
effectively blocks the pressor action of Voncdrinc; 
however, it does not produce Voncdrinc reversal 
(11). This would indicate that Voncdrinc does not 
normally possess a depressor action. 

Some of the aliphatic amines have a depressor 
action which becomes apparent oidy after their 
pressor action is diminished through repeated doses 
or through the previous administration of ephedrine 
(3). Priscol does not bring out this depressor action 
of the aliphatic amines, but if the depressor action 
is present Priscol does not influence it (11). After 
the fleprcssor action of Voncdrinc had been elicited 
by Paredrine, administration of Priscol appeared 
to prevent the fall in pressure produced by 'the 
A'oncdrine. Since Priscol has been shown to have 
no blocking action on sympathomimetic vasodilation 
this might indicate that the vasodilation produced 
by Voncdrinc is not of the usual type. 

This interaction of Paredrine and l''onedrinc 
illustrates one of the chief difficulties in comparative 
studies on the sympathomimetic amines. The 
fact that one amine may greatly modify the re- 
sponse of another, which has often been overlooked 


or ignored, has given rise to some of the verj’ di- 
vergent results reported in the literature. In com- 
paring the actis-ities of the sympathomimetic amines 
probably not more than one dose of the long-acting 
(frugs should be used in any one animal in any one 
day. Even some of the so-called short-acting 
amines have actions which persist much longer than 
is shown by measurements of tile mean blood pres- 
sure. This has been demonstrated by Kleinberg, 
ct al. (12), who showed that epinephrine increases 
the intramuscular pressure for periods exceeding 
two hours. 

SUMMARY 

1. Paredrine reverses the pressor action 
of Vonedrine, changing its vasoconstrictor 
action to a vasodilator effect. 

2. Epinephrine, ephedrine, Propadrine, 
Sympatol, and tyramine do not reverse 
Vonedrine and neither are any of them re- 
versed by Paradrine. 

3- This inversion of the Vonedrine pres- 
sor action by Paredrine appears to be an 
actual reversal of action and not an un- 
masking of a normally present response. 
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Book Reviews 


Acetanilid — A Critical Bibliographic Reviem, by 

Martin Gross. Hillhouse Press, New Haven, 

Conn., 1946. 165 pp. 15 x 23.6 cm. Price 
S3.00. 

This critique of acetanilid is volume one of a pro- 
posed series of monographs to be published by the 
Institute for the Study of Analgesic and Sedative 
Drugs. The topics discussed in this monograph 
are the history, physico-chemical properties, me- 
tabolism, therapeutic uses, pharmacology, toxicol- 
ogy, tolerance, habituation and addiction, and other 
factors pertaining to acetanilid medication. 

The author evidently made a quantitatively 
thorough literature search as evidenced by the 763 
references cited. It is the "critical" feature of the 
bibliography with which many will take issue- 
Most of the discussion centers around the toxic and 
undesirable properties of acetanilid. It is dis- 
tinctly noticeable that the author is highly critical 
of papers showing the drug to be toxic while papers 
reflecting the opposite viewpoint are glossed over. 
A good example of this is the author's reaction to a 
paper by Kebler (cf. pp. 58-60). Kebler sent a 
questionnaire to 925 physicians and the 400 reply- 
ing indicated 17 deaths attributable to acetanilid. 
The author’s own survey covering the period showed 
18 deaths from acetanilid and yet the author used 
nearly 3 pages to try to explain away Kebler’s find- 
ings. To the reviewer, if there were 17 deaths re- 
sulting from acetanilid during the period 1886 to 
1907, acetanilid is not a completely safe drug, even 
if the statistical approach of Kebler were not entirely 
sound. 

The reviewer takes strong issue with the state- 
ment on page 59: "Opinions on the safety of a drug 
may be based on animal experiments, on the fre- 
quency with which toxic symptoms are observed in 
man, or on the magnitude of the difference between 
the lethal and therapeutic doses; but the most com- 
pelling evidence is the record of destruction of human 
life by the drug" (italics the reviewer’s). The addi- 
tional statement by the author that “there is no 
assurance that all or any large proportion of fatali- 
ties are reported” is not only an understatement 
but makes the preceding statement even more amaz- 
ing. Certainly with a drug of the character of acet- 
anilid, it is the daily exposure that is the important 
element. The reviewer is of the opinion that there 
arc many cases of chronic acetanilid "poisoning” 
in which the general health of the person is improved 
by the withdrawal of acetanilid and yet the cases arc 
not recorded in the literature. 

The completeness of the documentation and the 
evidence of needed careful studies by more modem 
methods make the book worth while if it is put to 
genuine scientific purposes and not used as an apol- 
og}'. — Melvin W. Green. 


Richter's Chemistry of the Carbon Compounds, Volume 
III. Edited by Richard AnchOtz and translated 
by A. J. Mee. Elsevier Publishing Company, 
New York, 1946. xviii -)- 794 pp. 13.5x 21.5 cm. 
Price S15.00. 

Volume III of Richter, which is coacemed with the 
aromatic compounds, is so well known that it 
scarcely needs a review. Organic chemists are grate- 
ful to the publisher for making available this volume 
in spite of war conditions. Particularly helpful are 
the references to the original literature rather than 
Chemisches Zentralblatt. 

Pharmacists will be disappointed, however, in the 
poverty of information on recent medicinal agents. 
Sulfanilamide is the only sulfonamide mentioned and 
it rates about one-third of a page. Nothing is said 
concerning the chemistry of the multiplicity of bio- 
chemical agents having a steroid nucleus. Procaine 
is barely mentioned and ephedrine is the only sym- 
pathomimetic drug considered. 

In spite of pharmaceutical shortcomings, Richter 
will continue to fill a valuable place on the reference 
shelves of all interested in the many facets of organic 
chemistry — Melvin W. Green. 


Physical Methods of Organic Chemistry. Volume II. 
Edited by Arnold Weissberger. Interscience 
Publishers, Inc., New York, 1946. vii -f 629 pp, 
23 X 14.6 cm. Price S8.50. 

Volume II of this reference book contains chapters 
on: Spectroscopy and spectrophotometry; color- 
imetry, photometric analysis, and fluorometry; 
polarimetry; determination of dipole moments; 
conductometry; potentiometry; polarography; de- 
termination of magnetic susceptibility; determina- 
tion of radioactivity; and mass spectrometry. 

The subjects covered by this volume are so di- 
versified that it is difficult to evaluate the book as a 
whole. One of the basic impressions that the reader 
obtains is that there is too much emphasis on in- 
strumentation and not enough application to organic 
chemistrj'. 

The sections on spectroscopy and spectrophotome- 
try are very helpful. One questions the value 
of a separate chapter on photometry since there is 
considerable duplication with the spectroscopy 
chapter. The portions dealing with infrared spec- 
troscopy and the Raman effect are much too short. 

Most of the description of optical devices for 
polarimetric measurements arc generally available. 
The section on nonxdsual and spectropolarimetry 
are unusually good, however. 

The chapter on conductometric titrations includes 
both a section on conductometric titrations and a 
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section on cIcctropliorcMS. In Dr. Michaclis’ 
ch.nptcr on potcntionictrj", potcntiomctric titrations, 
pH, and ocidation-rednetion potentials are described. 

Dr. Mfdlcr's chapter on polaropraphy is replete 
with examples of application to organic chcmi.stry. 
Not only the qualitative and quantitative aspects 
arc dcscTil)cd, but the author gix'es considerable 
attention to the study of tautonicrism, polymeriza- 
tion. and related phenomena. 

The .section on radioactix’ity contains no applica- 
tion. but is limited to mctho<Iolog>'. The section 
on mass spectroscopy gives considerable valuable 
information to the organic chemist. The techniques 
arc too cumbersome and costly for the average 
laboratory, however. 

The two volumes of this c.xcellent reference book 
should open new vistas to the organic chemist. The 
physical-chemical approach to organic chemistry is 
ihro^ving new light on many old and new organic 
Iirobicms and Physical j^felhads of Organic Chemistry 
will prove to be a helpful guide to this rapidly ex- 
panding field. 

For a review of \’olutnc I of this book the reader 
is referred to Tins Journal, 35, 32(1940). — Melvin 
\V Green, 


Inlrnluclton la Enuilsians, by George M. Sutheim. 

Chemical Publishing Company, Brooklyn, 1940. 

vii-f 200pp. 10.5 x17 cm. 22illus. Price .$4.75. 

The book is divided into six chapters dealing with 
the theoretical foundation, physical chemistry and 
chemistr}' of emulsifying agents, and formation, 
properties, and applications of emulsions. The basic 
considerations, underlying principles, and theories 
arc well presented, and offer a good foundation for 
one who is interested in the fundamentals of emulsi- 
fication. 

The background is le.ss pbannaceutical than com- 
mercial or technical, little actual consideration being 
given to the operation of preparing extemporaneous 
emulsions as practiced by the pharmacist of today. 
No mention is made of the use of Pharmagcl (Gela- 
tin) as developed by Tice, nor is there any reference 
or illustration to the very popular and efficient hand 
homogenizer. 

The l)ook contains an extensive table of cmidsi- 
f>nng agents and pertinent facts relating to them. 
Tficsc agents arc primarily of the newer type com- 
monly referred to as wetting agents, mostly of com- 
mercial and industrial interest. A comprehensive 
and \-aluablc bibliography is also included. 

The l>ook is a worthy addition to the library of 
anyone interesterl in the principles of emulsification. 
— .\PLEY B. Nichols. 


(Organic Qualitative Microanalysis, by Frank Sciinei 

DER. John LVilcy and Sons, New York, 1940. iv •} 

21Spp. 130 figs. 13.5x21.5cm. PriccS3.50. 

Mierochemistry, now a recognized specialty ii 
the chemical field, has progressed very rapidly dur 
ing the past decade. Qualitative organic micro 
chcmislrj' has been the most backward in the micro 
field, while quantitative organic microchemistr)- h.v 
probably progressed the furthest. 

Professor Schneider has written this book to be 
used as a textbook and laboratory' manual by or- 
ganic chemistry students interested in the systema- 
tic identification of organic compounds. The sys- 
tem follows very' closely the Mullikcn-Huntress 
classification, but aims to use a sample about '/i* 
the normal size. 

Methods of purifying samples containing miv- 
turcs, determining physical constants of pure or- 
ganic compounds, and preparing characteristic iden- 
tifying derivatives arc given.' Most tests and tech- 
niques arc described in considerable detail and with 
adequate diagrams to facilitate the work. 

In the hands of an instructor familiar with micro- 
procedure, this book no doubt will serve as an excel- 
lent guide to a fascinating field. The novice and re- 
search worker, using such testing only occasionally, 
will probably find the fact that such careful atten- 
tion must be given to details of the technique n 
source of discouragement. — Melvin W. Green. 

Colloids — Their Properties and Applications, by A.G. 

Ward. Intcrsciencc Publishers, Incorporated, 

New York, 1940. 133 pp. 11 x 18cm. PriccSl.75. 

This little volume is not intended to be a complete 
treatise on the colloidal state, but rather to review 
briefly colloidal chemistry and its modem applica- 
tion in simple, quasi-technical language. 

The book is divided into three parts with a total of 
17 chapters. Part I deals with the nature of the col- 
loidal state and discusses atomic structure, the phys- 
ics of surfaces and the physical chemistry of the col- 
loidal state. 

Part II deals with colloidal systems. Here arc 
discussed very succinctly the lyophobic and lyo- 
philic systems as well as gels, pastes, emulsions, 
foams, dusts, smokes, and fogs. 

The third part is concerned with the application 
of colloidal theory to rubber, cellulose technology, 
proteins, clay, paints and varnishes, detergency, and 
to life processes. 

While not adequate as a textbook in a course in 
colloidal chemistry at the university level, this little 
Iiook is frescinating to read and well worth while as a 
quick source of review. — Melvi.n W. Green, 



Scientific Edition 

JOURNAL OF THE 
AMERICAN PHARMACEUTICAL 
ASSOCIATION 

Justin L. Powers, Editor, Washington, D. C. 


Volume XXXV 


DECEMBER. 1946 


Number 12 
Consecutive No. 24 


The Colorimetric Assay of Digitoxin by the 
Modified Raymond Method* 

By ROBERT C. ANDERSON and K. K. CHENt 

Digitoxin, when treated in dilute solution with /w-dinitrobenzene and sodium hy- 
droxide, produces a blue color which can be estimated accurately in a photoelectric 
colorimeter. The method is particularly useful in the assay of tablets and ampuls of 
digitoxin. Necessary equipment employed in the test is described. A comparison 
of the results by this method and those by the U. S. P. cat method is made. The color 
developed is not specific, but it serves as a quantitative measure if admixture with 
other cardiac glycosides is not anticipated. 


SOONER did Gold (1) demonstrate the 
complete absorption of digito.xin 
following oral administration in human 
beings than it became widely used in the 
treatment of cardiac failures. Additional 
advantages of digitoxin over galenical prepa- 
rations are constancy of action because 
it is a single chemical entit)’-, and absence of 
constituents irritating to the stomach, so 
that nausea and vomiting are less apt to 
occur. Besides, this development repre- 
sents a phase of medical progress, since more 
and more active principles have replaced 
the extractives of plants or animal organs 
from which the former are isolated. 

* Received Sept. 4, 1940, from tbe LilJy Research Labora* 
tones, Eii Lilly and Company, Indianapolis 0, Ind. 

• !I*rcscntcd to the Scientific Section, A. Ph. A., Pittsburgh 
meeting, August, 104C. 

t We arc indebted to Messrs. Chester C. Hargreaves and 
William T. U’lnchcster for their work on the cat assays; 
ftl.so to Mr. Fred A. Rice, Jr., for his assistance, and to Mr, 
li. Bron-n Robbins for his statistical help and advice. 


The assay of digitoxin becomes a new 
problem. Obviously, the determination of 
physical constants, such as the melting 
point and optical rotation, is not sufficient to 
establish its purity and potency. To insure 
uniformity of the product, the U. S. P. 
biological assay by the cat method (2) is 
undoubtedly the most reliable. Unfortu- 
nately, this method is not only costly and 
time-consuming, but it is often handicapped 
by a shortage of cats. A chemical or colori- 
metric method is highly desired, particu- 
larty for checking the intermediate steps of 
manufacture, such as need of recrj’-stalliza- 
tion and assay of the tablet granulations. 
Bell and Krantz (3) have already elaborated 
a colorimetric method based on the Baljet 
reaction (4), and have advocated its use in 
assaying digito-vin. 

During the last few }'ears, we have been 
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investigating the Raymond reaction of ;k- 
dinitrobenzene (5, C) with digitoxin. The 
ultimate color is blue and is easy to measure 
and compare with that of the standard, 
altliough it disappears quickly. The color 
reaction is believed to be caused by the lac- 
tone ring of the glycoside. It has advan- 
tages and disadvantages similar to those of 
the Bell-Krantz method. Numerous com- 
parisons were made with the Bell-Krantz, 
U. S. P. biological, and the Raymond 
methods. The majority of the lots of 
digitoxin were manufactured in our own 
plant. One specimen was generously sup- 
plied to us by Dr. Walter A. Jacobs, Rocke- 
feller Institute for Medical Research, New 
York City; and another by Professor R. P. 
Linstcad, now Director of the Chemical 
Research Laboratory, Teddington, England, 
through the courtesy of Dr. Otto Krayer, 
Han'ard Medical School, Boston. 

EXPERIMENTAL 

Procedure. — The reagents needed are a 1% 
solution of m-dinitrobenzene in absolute ethanol and 
a solution of sodium hydroxide. For the test, 
1 cc. of m-dinitrobenzene solution is added to 10 cc. 
of dilute digitoxin solution in approximately 47.5% 
ethanol and placed in an ice bath. After five to ten 
minutes, 2 cc. of sotlium hydroxide solution is 
added and the mixture returned to the ice bath 
after thorough mixing. The indigo-blue color pro- 
duced is read exactly five minutes after the addition 
of sodium hydroxide. For this test, a Cenco-Shcard- 
Sanford “Photclometcr,” a water bl.ank, and No. C 
orange filter were employed. A portable cooling 
unit, thermostatically controlled, provided a bath 
maintained at 0° C. The maximal color develops in 
five minutes and fades fairly rapidly. 

To construct a standard curve, the following 
dilutions are recommended. Volumes of 0.75 cc.. 
1.0 cc.. and 1.25 cc. of 1 :1000 digitoxin solution arc 
diluted to 50 cc. with 47.5% ethanol, so that con- 
centrations of 0.015, 0.020. and 0.025 mg. per cc. are 
obtained. The blue color in each dilution is pro- 
duced as described above. The kno^vn amounts of 
digitoxin in the solutions arc plotted as ordinates on 
the cqual-dixTsion axis of semilogarithmic paper 
against the "Photclometcr” readings as abscissas on 
the logarithmic scale. Where micro-cells arc avail- 
able. the quantities may be reduced, so that 2 cc. 
of dilute digitoxin solution. 0.2 cc. of m-dinitroben- 
rene reagent, and 0.4 cc. of sodium hydroxide arc 
used. 

To perform the Bell-Krantz test, a Beckman 
Quartz Spectrophotometer was used in place of the 
Electrophotometer of the Fisher Scientific Company. 
The transmissions were compared at 525 mw. in a 


1-cm. cell. The rest of the technique was the same 
as published. 

Results with Unknown Solutions of Digitoxin. — 
To check the validity of each racthotl, unknown dilu- 
tions of a stand.ard lot of digitoxin were prepared 
and assayed. The results are shown in Table I. 


Table I. — Results with Unkxow.x Solutions of 
Digitoxin 


Thtorclic 

Concentration 

Tc 

0.100 
0 . 075 
0.090 


Observed Concentration 


.Raymond 

^Icthod, 

Tc 

0.103 

0.073 

0.0S9 


BcU-Krantt 
Method, 
% . 
0.105 
0.078 
0.092 


There is indeed a close agreement between the re- 
sults of the two methods. The differences between 
theoretical and observed concentrations are very’ 
small. These data clearly indicate that the intent 
sity of color in each method is directly proportiona- 
te the concentration of the solution. They attest 
the accuracy of the curves of known concentrations. 

Repeated Tests on the Same Lot of Digitoxin. — 
For any potent product like digitoxin, it is our prac- 
tice to set aside a lot to serve as a "House Reference 
Standard.” Such a standard would be assigned, a 
potency of 100%. The potencies of all other lots 
arc based on this figure. Our lot No. 1 was our 
reference standard. It met all the physical specifi- 
cations. and by the U. S. P. cat method assayed 2.14 
units per mg. The .sample has been repeatedly 
tested colorimctrically by both the Raymond and 
Bell-Krantz methods, and the results, listed in 
Table II, have been computed from the predeter- 
mined curves. The greatest experimental errors 
were —3.2% and -f2.C%, with the Raymond 
method; and —4.5% and -b4.2%, with the Bell- 
Krantz method. It is perhaps fair to say that the 
limits of error by each method is within *5%. 


Table II. — Results on Lot No. 1“ 


Raymond 

Bell-Kranlr 

Method, % 

Method, % 

09.2 

99.4 

98.7 

101.8 

102.6 

103.9 

96.8 

95.5 

100.7 

104.2 


® **House Reference Standard." 


Assay of Experimental and Manufactured Lots. — 
The relative potencies of 21 lots of digitoxin as de- 
termined colorimctrically arc compared in Table III. 
The results by the U. S. P. cat method are also in- 
cluded. Lot No. I was the standard for all other 
lots. It should be noted that the results by the bio- 
logical method on the one hand and by the two 
colorimetric methods on the other agree satisfac- 
torily; that is, they arc all within the customary 
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Table III. — Assay of Various Lots of Digitoxin 
BY Three Methods 



U. S. P. 

Potency •— 

Raymond 

Bell-Krantz 


Cat Assay, 

Method, 

Method. 

otNo. 

% 

% 

% 

1» 

100 

100 

100 

2 

92 

98 

96 

3 

96 

94 

91 

4 

89 

99 

94 

5 

101 

89 

98 

6 

89 

91 

99 

7 

106 

97 

106 

8 

103 

96 

104 

9 

89 

84 

101 

10 

96 

103 

104 

il 

99 

98 

102 

12 

111 

103 

100 

IS 

IQB 

92 

9S . 

14 

102 

99 

102 

15 

101 

97 

106 

16 

94 

96 

104 

17 

110 

103 

105 

18 

87 

99 

101 

19 

96 

101 

104 

20 

92 

80 

98 

21 

90 

82 

92 


a "House Reference Standard." 


as e-Nperieneed by Bell and KranU (3), because this 
dilution will not e,Ytract an appreciable amount of 
the lubricant, such as magnesium stearate. It is also 
important that extraction should not exceed twenty 
to thirty minutes, as advised by the authors. Ap- 
parently. prolonged extraction, say overnight, would 
include a sufficient amount of lactose present in the 
tablets, which will react with picric acid and give 
rise to a falsely high content of digitoxin. After 
these precautions are taken, concordant results may 
be obtained as illustrated in Table IV. In contrast 
with the Bell-Krantz method, the Raymond 
method encounters no interference with lactose in 
spite of prolonged extraction. 

It is conceded that neither the Raymond nor the 
Bell-Krantz method is specific for digitoxin. Simi- 
lar color reactions take place when other cardiac 
glycosides are substituted. However, both methods 
can facilitate the manufacture of digitoxin tablets, 
provided no interfering ingredient is added. Ob- 
viously, the methods are also applicable to ampuls, 
as we have already tested them several times and 
found them satisfactory. 


U. S. P. limits of tolerance of =fc20%. Out of 21 
lots, the maximal variations by the Raymond 
method from the biological method are +12% and 
— 14%; and those by the Bell-Krantz method from 
the biological method are +14% and —11%. The 
extreme differences between the readings by the two 
colorimetric methods do not exceed 18% (lot No. 
20 ). 

Assay of .Tablets. — Thirty tablets, 0.2 mg. digi- 
toxin per tablet, are triturated and transferred to a 
60-cc. centrifuge tube. Sixty cc. of 80% ethanol 
are added and the tube is securely stoppered. It is 
then placed on an extractor built in our own labora- 
tory, which rotates approximately 20 revolutions 
per minute. The mixture is allowed to extract 
overnight and then centrifuged. A volume of 5 
cc. of the supernatant liquid is pipetted to a 25-cc 
volumetric flask and diluted to the mark with 
47.5% ethanol. The color is developed as outlined 
above and theoretically should contain 0.02 rag. 
per cc. For 0.1-mg. tablets, a volume of 10 cc. of 
supernatant liquid is diluted to 25 cc., the theoretical 
quantity of" the final dilution remaining 0.02 mg. 
per cc. Tablet granulations, namdy, the powder to 
be made into tablets, are assayed in a quantity 
equivalent to the weight of 30 tablets. 

Eleven lots of digitoxin tablets of our own make 
were assayed by the Raymond method. The re- 
sults as enumerated in Table IV are unquestionably 
acceptable — without exception. 

For comparative purposes, the same lots of tablets 
were assayed by the Bell-Krantz method. It was 
soon observed that if absolute methanol was used 
for extraction the readings would be 15% to 32% 
too low. Addition of 1 part water to 3 parts meth- 
anol, resulting in 75% methanol, readily affects 
complete recovery' of digitoxin. The use of 75% 
methanol may eliminate any subsequent turbidity 


Table I\^ — Assay of Digitoxin Tablets 


•Digitoxin Found- 


Tablet 

Raymond 

Method, 

Bell-Krantz 

Lot No. 

% 

% 

1 

96 

101 

2 

98 

104 

3 

103 

98 

4 

95 

100 

5 

93 

96 

6 

100 

96 

7 

95 

96 

8 

100 

96 

9 

106 

92 

10 

101 

103 

11 

103 

94 


CONCLUSIONS 

1. Two colorimetric methods for the 
assay of digitoxin have been compared. 
The results on 21 lots of crj'stalline digitoxin 
agree in general with those by the U. S. P. 
cat assay. 

2. Eleven lots of digitoxin tablets have 
been assayed by the same procedures with 
good agreement. 

3. Both methods are accurate, inexpen- 
sive, and easily handled, provided certain 
precautions are observed. 
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Studies on Pyrogens. II. Some Factors Influencing 
the Evaluation of Pyrogen Tests* 


By HANS MOLITOR, MARY E. GUNDEL, SAMUEL KUNA, and WALTHER H. OTTt 


By application of a technique making use of 
thermocouples for recording body tempera- 
tures, more than 6000 pyrogen tests involving 
over 19,000 rabbits have been conducted. 
Biometrical analysis of data obtained from 
these tests and progress toward the develop- 
ment of a quantitative method for the deter- 
mination of pyrogens using a reference stand- 
ard and standardized test animals are de- 
scribed. 

CiNCE the demonstration by Seibert 
(1, 2) that the occasional elevation of 
body temperature following intravenous in- 
jection of aqueous solutions of medicinal 
agents, as well as distilled water, is due to 
pjTogenic substances of bacterial origpn 
rather than to a specific action of the drug 
itself, increasing attention has been paid to 
the control and elimination of these con- 
taminants. The combined efforts of numer- 
ous investigators in government and indus- 
trial laboratories (3, 4) and in hospitals (5), 
coordinated by the Sub-Committee on 
Bioassays of the Revision Committee of 
the U. S. Pharmacopoeia, have greatly ad- 
vanced our knowledge in this field and have 
resulted in the institution of an official 
pvTogen assay in the U. S. Pharmacopoeia. 
This test will detect the presence of pjTO- 
gens, but it does not permit their quantita- 
tive detennination. Such information, al- 
though unnccessaiy' for the safe clinical use 
of the material, is highly desirable for re- 
search purposes. The chemist working on 
the purification and structural identification 
of pvTogens, the pharmacist trydng to de- 
velop processes for their removal, the phar- 
macologist investigating their mode and 
*e of action, and the clinician studying 
'r toxicological significance — all require 
ible, rmation as to the actual amounts pres- 
'f di' Such a quantitative test vdll for a 
' time be based on a bioassay procedure, 
le chemical test methods have been sug- 

Vt* tecttvctJ Sfpt. 13, 191C, frotn the Merck Institute for 
ipeutic Research, Rabtraj*. X. J. 
iil' he valtiabJe technical assistance of Messrs. Charles F. 
r. an^ Cordon h Thomas is pratefully ackoowledffed. 


gested, such as the permanganate titration 
for organic matter, thej^ are as yet of no 
practical value because of their lack of sen- 
sitivity and specificity; onl)’^ after the chem- 
ical nature of pyrogens is better known may 
we expect tlie development of adequate and 
specific chemical assays. Even then, how- 
ever, there nill be need for a biological test 
since already there is ample evidence tliat 
different types of microorganisms produce 
pyrogenic substances which differ widely' in 
their chemical composition (6, 7). There is 
also some indication that pyrogens of dif- 
ferent origin possess different pharmacolo- 
gical and toxicological properties, some of 
them being capable of producing fever im- 
mediately, others only after a certain lag 

(8) , while still others are likely to reduce the 
body temperature before causing a rise 

(9) . 

In a previous communication from this 
laboratory' (10), a technique has been des- 
cribed which makes use of thermocouples 
for the recording of body temperatures in- 
stead of the customary rectal mercury 
thermometer. This results not only in a 
considerable saving of time but also in more 
phy'siological test conditions since it dis- 
penses with the repeated handling of the 
test animals. During the last two years 
more than GOOO pyrogen tests involving 
over 19,000 rabbits have been conducted in 
our laboratory with this technique with 
highly satisfactory results. Biometrical 
anah'sis of these data as well as continued 
research on a quantitative assay procedure 
has suggested possible improv'ements in the 
customary assay which will be prc.sented in 
the following pages. 

It is well known that the accuracy' of a 
biological assay primarily depends upon the 
following factors; (a) a constant and de- 
pendable reference standard as a basis for 
the comparison of the unknown substances; 
(b) a standardized test animal, whose devia- 
tions from the norm are small and knoivn; 
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(c) a valid biometrical procedure for the 
evaluation of results. 

In spite of the large amount of research 
which led to the establishment of the pres- 
ently used official pyrogen assay (11) much 
remains to be done in order to transform 
this excellent qualitative method into a 
quantitative one; indeed, it is doubtful 
whether it will ever be possible to devise a 
pyrogen test which in accuracy can favorably 
compare with such standard procedures as 
the U. S. P. di^talis, ergot, or insulin tests. 
However, it should be emphasized again 
that the shortcomings of the present official 
assay become manifest only if the test is 
used for strictly quantitative determinations, 
a purpose for which it was originally not in- 
tended. 

One of the greatest obstacles in making 
this test more quantitative is the difficulty 
in standardizing the test animal. The rab- 
bit, which at present is universally used for 
this purpose, possesses a notoriously labile 
temperature regulation. The wide varia- 
tions in its body temperature reported by 
different investigators, ranging from an ex- 
treme low of 36.6° (12) to an extreme high 
of 41° (13) are ample proof of the difficulties 
involved, even though the reported ranges 
for the average high and low temperatures 
are considerably narrower, e.g., 38.8-39.7° 
(14); 39.07-39.85° (13); 39.4r-39.9° (15). 
In addition to the wide differences between 
individual animals there are also consider- 
able daily and hourly temperature fluctua- 
tions in the same animal, largely under the 
influence of nervous factors. 

That the temperature-regulating mecha- 
nism should be sensitive to nervous stimuli, 
such as excitement due to handling, is not 
surprisingj since it is well known that in this 
species other centrally regulated functions, 
e.g., water metabolism and vascular reflexes, 
react similarly to stimuli of this nature 
(16. 17). 

MATERIALS AND METHODS 

Male albino rabbits obtained from various sources 
and weighing 1 to 3 Kg. were used. In general the 
method of conducting the pjTOgcn test was similar 
to that described in the U. S. Pharmacopoeia XII. 
However, in the majority of experiments the animals 
were kept for the entire duration of the test in 


specially constructed boxes, and stationary thermo- 
couples were used for recording the rectal tempera- 
ture, following the technique recently described by 
one of us (10). 

The pyrogen concentrate used as a standard in 
these tests was prepared from Pseudomonas aerti- 
ginosa {bacillus pyocyaneus) according to the tech- 
nique of Welch, el a!. (3). A minimum pyrogenic 
dose was defined as that amount of the standard 
which was necessary to cause an average tempera- 
ture rise of 0.5° in rabbits, when injected intrave- 
nously. The amount of our concentrate required to 
produce this effect was usually 1 cc. per Kg. of a 
dilution of I; 5000. 

Experimental 

Previously (10) it has been shown that the body 
temperature of rabbits which are kept quietly in 
boxes is generally lower than that of animals dis- 
turbed by repeated removal from their cages. 
However, these experiments were not designed to 
determine whether or not the consistently lower 
temperature of undisturbed animals was specifically 
due to the absence of handling or excitement. It 
was therefore decided to study the influence of these 
factors by keeping continuous records of a rabbit’s 
body temperature while exposing the animal to a 
variety of nervous stimuli. 

The iron-constantan thermocouples used were 
of the fle-xible, rubber-covered type previously de- 
scribed (10). The recording device used in these 
tests was designed and constructed by Messrs. 
Michael Kniaauk and Omer S. Lucier of our labora- 
tory and consisted of a conventional system of a 
reference thermocouple with a second thermocouple 
and a reflection type galvanometer as an indicator. 
In order to obtain a continuous record of the tem- 
perature, the galvanometer spot was directed to a 
photoelectric cell, which was so arranged that it 
automatically followed the galvanometer deflection 
and traced its position on a moving-paper chart. A 
deflection of 2 cm. /degree C. was found adequate. 
The response time of the system depended primarily 
on the heating time of the thermocouple and move- 
ment of the galvanometer. Both were found to be 
practically negligible for this work. 

A tracing typical of the effect of handling and of 
inserting a rectal thermometer is reproduced in Fig. 
1, Insertion of the thermometer usually is followed 
within sixty to ninety seconds by a temperature 
rise up to 0.7°. The temperature remains elevated 
for about ten to thirt 3 ' minutes after which time it 
slowly returns to normal. 

Figure 2 shows the average temperature curve ofj} 
group of rabbits taken in the manner described/, 
our previous paper (10) in animals placed in bd 
and, after insertion of rectal thermocouples, j 
undisturbed for several hours. It can be seen ^ 
under these conditions the temperature decUl 
during the thirty to forty-five minutes following 
sertion of the thermocouple; when the lowest pc 
had been reached a slight increase followed, ai 
which the temperature remained relatively const) 
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Tl'.ii ie:npcr.iturc «~as reached about sixty 

to ninety minutes after the start and u-as always 
considerably IkIow the starting temperature. 

These results arc in agreement with those ob- 
tained 'vith continuous recording of the body tem- 
perature, They indictite that temperature readings, 
taken one to two minutes after the insertion of a 


as clextited temperature levels are best suited for 
the demonstration of an efTect of temperature lower- 
ing agents, it would be expected that a low start- 
ing temperature would favor a temperature in- 
crease. An examination of Fig. 3 will show that 
these expectations materialized. The niaximum 
rise following injection of a pjTogenic material nas 




TIME IN MINUTES 


Fig 1 —Influence of handling on temperature of rabbits. Continuous temperature recordings taken from 
rcctally inserted thermocouples. 

A — Temperature rise following mock insertion of a rectal thermometer (with rectal thermocouple remain- 
ing in place). 

B — Temperature decline resulting from freedom of disturbances. (Rabbit kept in box.) 

Cand D — EfTect of slight movements of the rectal thermocouple, simulating insertion of a thermometer 



Time hOCRS 


Fig. 2. — Curve showing the change in rectal tem- 
perature in a group of 34 rabbits during five hours 
from the time they were placed in boxes. The aver- 
age rectal temperature of these rabbits taken with 
clinical thermometers approximately forty min- 
utes prior to being placed in the boxes was 39.53°. 

thermometer (or thermocouple), are on an average 
0.2 to 0.3° higher than the "basal” temperature and 
that it takes about ten to thirty minutes after each 
handling before the body temperature has returned 
to the lower level. Obviously, there arc differences 
among rabbits in the degree to which they react to 
handling: furthermore, the same rabbit is likely to 
show a progressive decline in reaction as he becomes 
used to the procedure. 

Since the average basal temperature of undis- 
turbed rabbits is tsell below th.it of rabbits tested 
in the u.'^ual manner (10), it was of interest to ex- 
amine the influence of different starting tempera- 
tures on the response to a pjTOgenic agent. Just 



Fig. 3, — Curves showing the relation between con- 
trol rectal temperature and maximum rise in rectal 
temperature in noninjected rabbits (dotted line) 
following intravenous injection of pyrogen-free 
saline (broken line) or of a standard dosage of pyro- 
gen (solid line). The curx'c for the pyrogen stand- 
ard (}■ «= 23.C9 - 0.9857A' -f 0.0103G.Y’, where )' 
is maximum rise in ° C. and A' is control tempera- 
ture in ° C.) was constructed from the data of fi24 
individual tests and represents the average maxi- 
mum rise observed in rabbits having the correspond- 
1 g control temperatures. The curve for the pyrogen- 
freewater. )■ = 175.05 — 8.782 A' -j- 0.1099 A'*, was 
calculated from the data of 480 individual tests. 
The curx'c for the noninjected rabbits, V ■= 95.91 — 
4.G95A' + 0.0.5758.Y’, was calculated from data of 
7.31 individual tests. The control temperatures in 
these IS-II individual tests ranged from .37.1° to 
41.G° in a normal frequency distribution with mean 
*S. E. of 39.03 0,014°. 
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inversely proportional to the starting temperature. 
Thus, the average maximum rise following '4 mini- 
mum pyrogenic doses increased from 0.9° at 39.6° 
to 1.1 ° at 38.4°. The establishment of an arbitrary 
limit of temperature variation, beyond which a 
temperature increase would be regarded as critical, 
is therefore justified only within a relatively narrow 
temperature range. 

Since animals with a lower starting temperature 
show a more pronounced reaction to pyrogenic con- 
taminants than those with higher starting tempera- 
tures, their use would appear to be preferable. In 
this case, however, the fixed maximum permissible 
rise of 0.6°, presently used in the U. S. P. assay, 
would have to be replaced with a variable limit, in 
order to obtain physiological equivalent conditions 
at both high and low initial temperatures. Thus, for 
example, a temperature rise of 0.8° in the zone 
of 38.0-38,3 ° might be approximately equivalent to 
one of 0.6° at 38.7-39.4° and one of 0.5° at 39.5- 
40.0°, 

Another question is whether the normal fluctua- 
tions in body temperature are the same for various 
initial temperature levels or whether the apparently 
greater sensitivity of the temperature-regulating 
mechanism at lower levels is likely to cause wider 
spontaneous fluctuations at that level. An ex- 
amination of our data (Fig. 3) indicates that the 
greater response to pyrogenic stimuli at the lower 
temperatures is not offset by the greater tendency 
to “spontaneous” fluctuation. It would therefore 
seem advantageous to select rabbits with low start- 
ing temperatures and to operate under experimental 
conditions which are likely to produce such a range. 

The wide temperature variations reported by 
previous investigators were obtained under experi- 
mental conditions rvhich did not e.xclude excitement 
due to handling. It was therefore of interest to 
study the basal temperature curves of completely 
undisturbed rabbits, since the elimination of excite- 
ment might result in temperatures sufficiently con- 
stant to permit quantitative comparisons on the 
basis of the normal temperature of each individual 
rabbit. It was found, however, that the daily 
temperature fluctuations of undisturbed animals, 
even though much smaller than those obtained with 
the usual methods of temperature measuring, were 
nevertheless still too wide to permit an increased 
accuracy through the standardization of individual 
animals. Consequently, it seems preferable to 
base all evaluations on an average group response 
and to compare this with the response of a group to 
a pyrogrcn standard of knorvn potency. The crite- 
rion of an average group response is accepted 
biometrical practice, particularly when it is difficult 
to standardize individual animals. 

While in a more or less qualitative assay designed 
primarily as a safety control the unfavorable reac- 
tion of even a single animal may be sufficient cause 
for rejection or repetition of the assay, it certainly 
is inadequate in a quantitative test. We have in- 
vestigated whether the introduction of the principle 


of group response would improve the accuracy and 
convenience of the pyrogen test. The results of 
this analysis are summarized in Fig. 4 which shows 
the effect of increased numbers of test animals per 
group on the accuracy of the test. In this group of 



Fig. 4. — Curves showing the tendency for group 
averages progressively to differ less from the general 
average maximum rise in rectal temperature as the 
number of rabbits is increased per group. The aver- 
age maximum rise in 105 tests following injection of 
4 minimum pyrogenic doses jjer kilogram was 1.20°. 
The average maximum rise in 83 noninjected rab- 
bits was 0.30°. The individual rises were succes- 
sively regrouped into groups of different sizes as indi- 
cated and the average rises calculated for these 
groups. The solid curve was drawn through the 
lowest of the averages thus obtained with the data 
for the pyrogen-injected animals, and khe broken 
line was drawn through the highest averages found 
with each of the different sized groups of untreated 
rabbits. 

83 rabbits, the lowest temperature rise following 
injection of a standardized amount of pyrogen was 
0.2° while the greatest rise in temperature of an 
untreated rabbit when compared with his starting, 
temperature was 1.6°. When the evaluation was 
based on the average of a group of 3 rabbits, the 
tendency for the minimal average response to the 
pyrogen standard to be less than the maximum 
average fluctuation in a control group of similar 
size was greatly decreased. In groups of 5 animals 
or more the lowest average response to the pyrogen 
standard invariably e.xceeded the highest average 
fluctuation in temperature of any control group of 
similar size. It would therefore appear advantage- 
ous to use as a basis for quantitative evaluation the 
average response of a group of at least 3 to 5 animals 
and not give undue significance to a high reading 
occurring in only 1 or 2 animals. 

It has been reported by’prerious authors (18) that 
there appeared to be little or no quantitative re- 
lationship between the dose of the injected pjTOgcn 
and the fever response in an individual rabbit. 
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In our c-xpcrimcnls we ha\‘c found that the indivi- 
dual rc'jKiu'ics \-ar>' so widely that only by considera- 
tion of yroup averages could a direct relationship 
Ijctwccn the dose of ptTogen and the temperature 
response l>e detected. This relation appeared to 
exist provided the pjTOgen dose did not exceed rea- 
sonable limits, say. oO tninimal pyrogenic doses. 
If. howexer, higher doses were injected, the effect 
was one of prolongation of the fcx'cr rather than of a 
higher peak reading (Fig. 5). 



Fig. b . — Curves showing the change in rectal tem- 
perature of rabbits following intravenous injection 
of standardized amounts of pjTogen solution. The 
injection was made immediately following the 
temperature reading at zero time. The lines repre- 
sent the average temperatures of groups of rabbits as 
follows' 

Solid line: 3 rabbits given 5000 minimum pyro- 
genic doses. Broken line; 5 rabbits given SO mini- 
mum pyrogenic doses. Dotted line: 5 rabbits given 
1 minimum pyrogenic dose. 

From a study of the dosage response curx'c with 
graded levels of a pyrogen solution it was apparent 
that the average responses for groups of five rabbits 
nere not uniform enough for satisfactory’ quantita- 
tive use (Experiments 1 to 3, Table I). In one c.x- 
periment (Experiment •!, Table I), groups of 10 
rabbits each were used, and the responses ap- 
proached jincarity when the temperature response 
was plotted against the logarithm of the dose. These 
tests were conducted before the influence of starting 
temperature had been elucidated. However, cor- 
rection of the individual temperature rises on the 
basis of the corresponding starting temperature, 
using the sliding scale mentioned above, did not 
appreciably affect these results. Later c.xpcrimcnts, 
described below, have indicated that the dose levels 
xvere too close together for satisfactory discrimina- 
tion in these tests. 

The first experiment conducted xvith a group of 
animals distributed equally on the basis of starting 
temperature among the different dosages showed a 
remarkable degree of linearity in the average re- 
sponses. even though only three rabbits were used 
in each group (Experiment 5, Table I). These data 
indicate that a direct relationship might be expected 
over a wide range of .starting temperatures, and 
that the response to pyrogen is greatest for the loiv 
starting temperatures as stated previously (sec Fig. 
3). Although allocation of the doses to groups 
cqu;illy bal.ance<l in adx’ance on the basi-, of starting 
temperature is a time<onsuming proposition, such a 
procerlurc is to f>e rueferred to correction for .such 
differences after the assay has been completed. 


Table I. — Average Maximum Rise ' ix Rectal 
Temperature Above Starting TE.MrER.\TURK of 
Rabbits Injected Intrax’enously with Graded 
Levels of a Stand.ard Pyrogenic Solution 



Minimum 


Average 

Average 


r>Togcnic 

N'o, 

Starting 

Maximum 

Experi- 

ment 

Doses, 

No /Kg. 

Rabbits 

Temperature, 

Rise, 

® C. 

1 

1 

5 

39.32 

0..52 


20 

5 

39.22 

1.02 


30 

5 

39.32 

1.48 


40 

5 

39. CO 

1.34 


CO 

5 

39.64 

1.44 


SO 

5 

39. 5S 

1.G4 

o 

4- 

5 

39.04 

l.Of) 


6 

5 

39.30 

0.9l> 


S 

5 

38.90 

1 .22 

3 

1 

5 

39.10 

0.26 


2 

5 

39.10 

0.82 


4 

5 

39.10 

0.32 


10 

5 

39.02 

0.72 

4 

1 

10 

39.04 

0.43 


2 

10 

39.27 

0.64 


4 

10 

39.19 

0..56 


8 

10 

39.23 

0.99 


10 

10 

39.13 

1.10 

5a 

1.25 

3 

38.1 

1.13 


2.50 

3 

38.3 

1.27 


5.00 

3 

38.4 

1.50 

5b 

1.25 

3 

38.7 

0.63 


2.50 

• 3 

38.8 

0.77 


5.00 

3 

38.8 

O.SO 

5c 

1.25 

3 

39.2 

0.00 


2.50 

3 

39.2 

0,77 


5.00 

3 

39.3 

0.93 


Table II. — Average Temperature Responses 
Followi.vg Injection of Graded Levels of a 
. Drv Pyrogen Preparation 


Experi- 

ment 

Dose of 
Tyrogen 
Preparation, 
Mg./Rg. 

No. 

Rabbits 

Average 

Starting 

Temperature, 

® C. 

Average 

Maximum 

Rise. 

“ C. 

0 

. 0.05 

3 

39.20 

0.57 


0,1 

3 

,38.87 

0.87 


0.2 

3 

39.20 

1.20 


0,5 

3 

39.17 

l.GO 


1.0 

3 

38.90 

1.97 


2.0 

3 

.39.00 

2.13 

7 

1 

3 

,39.3.3 

1.07 


2 

3 

39.30 

1.2.3 


8 

3 

39.40 

1.20 

8 

1 

3 

39.23 

0.83 


2 

3 

39.10 

1.20 


8 

3 

39.00 

1.5.3 

9 

0.01 

3 

38.93 

0.2.3 


0.1 

3 

39.50 

0.47 


1.0 

3 

,39.00 

1.07 

10 

0.05 

3 

.39.03 

0..33 


0.5 

3 

39.0.3 

1 .20 


5.0 

3 

39.0.3 

to 


Results of preliminary attempts to use a dry 
preparation of pyrogenic material as a standard arc 
given in Table II. The absolute quantities listeil 
have little significance, since they were largely in- 
fluenced by the scvlium chloride xvhich was used as 
the dry diluent. It was cstiniaterl tliat 0.0.5 to 0.1 
mg. of this material contained one minimum pyro- 



Scientific Edition 


S61 


genic dose of pyrogen. The object at this time was 
to investigate further the nature of the dosage-re- 
sponse curve. 

The results (Table II) showed a reasonably satis- 
factorj' degree of linearity over a 500-fold change in 
dosage (0.01 mg. to 5 mg.). In fact it appears that 
for satisfactory discrimination between successive 
dosages a dose interval of 5- to 10-fold would be ad- 
visable. The average response varied from 0.5° 
to 1.0° maximum rise per 10-foId increase in dosage. 
Reference to the data in Table I shows that similar 
slopes were observed there, but that the dosages 
were generally too close together for practical pur- 
poses. 

Robinson and Flusser (7) cited individual re- 
sponses following injection of graded levels of dif- 
ferent pyrogens. Calculated from their data the 
average responses varied from 0.6° to 0.9° maximum 
rise per 10-fold increase in dosage, which fall within 
the range of responses observed above. With this 
information it appears that application of any of the 
ciurent biometrical assay methods, such as those 
described by Knudsen and Randall (18) might be 
successfully used in a quantitative assay of the py- 
rogen contents of biological materials. 

DISCUSSION 

Our experiments demonstrate the great influence 
of nervous stimuli on the body temperature of 
rabbits. Animals which are kept undisturbed and 
from which temperature readings are taken by 
means of a stationary rectal thermocouple show 
temperatures on an average 0.2° to 0.3° lower than 
those observed with the use of repeatedly inserted 
rectal mercury thermometers. Furthermore, the 
temperature of animals immediately after removal 
from thdr cages is on an average 0.5° higher than 
sixty to ninety minutes after undisturbed confine- 
ment to boxes or stalls. Even after the temperature 
of an animal has reached its basal level, it will 
again rise an average of 0.2° to 0.3° under the influ- 
ence of each handling or insertion of a tliermometcr. 
This rise reaches its peak after sixty to ninety sec- 
onds and returns to normal within ten to thirty 
minutes. 

An experiment in which the rectal temperature 
of a group of new, untreated rabbits was measured 
by means of stationary thermocouples during a 
period of five weeks showed that the average fluc- 
tuation between the temperature at the beginning 
of each test and that at the end of a three-hour ob- 
servation period declined from a maximum of ap- 
proximately 0.4° on the fourth day of the test to less 
than 0.05° after the twenty-fifth day (Fig. 6). 
This decline of 0.4° in the maximum fluctuation, due 
to handling, roughly corresponded to that of an- 
other group of new rabbits on which actual pyrogen 
tests were performed at two- to thrcc-daj’ intervals 
for a two-week period. In the latter group the 
maximum response to a standardized dose of pyro- 
gen was 1.0° on the first day as conijiared to 0.6° 
on the thirteenth day. It would thus appear that 


the decline in response to a standard dose of pyrogen 
which has been reported by previous investigators 
(19) may, at least in part, be due to the fact that 
fluctuations of body temperature due to handling 
and excitement become less pronounced as the 
animals become accustomed to the experimental 
procedure. This factor is recognized in the U. S. 
Pharmacopoeia Assay which stipulates that new 
rabbits must undergo a pretest before the perform- 
ance of an actual assay and that such a mock test 
must be repeated when an animal has not been 
used for more than two weeks. However, our ex- 
periments lead us to believe that it requires consider- 
ably more than one or two days before an animal 
becomes completely accustomed to the experimental 
procedure. 

In the light of these findings the temperature- 
lowering effect of saline and certain bacterial pyro- 
gens reported by Probey and Pittman (9) might be 
open to a different interpretation. In the case of 
saline, the lowering of the temperature would simply 
constitute the normal fall of body temperature in 
undisturbed rabbits during the first hour of observa- 
tion. In the case of pyrogens,' it might be due to a 
one- to two-hour lag between the time of injection 
and the beginning of the pyrogenic effect. The 
lowering of the temperature observed during the 
first hour might again, as in the case of saline, re- 
flect the normal temperature of an undisturbed 
animal which has not yet begun to respond to the 
injected, pyrogen. 

In addition to the day-to-day decline in the re- 
sponse to handling there is an immediate temperture 
rise of 0.2 ° to 0.3 ° following the insertion of thermom- 
eters, which decreases as the animals become more 
used to the procedure. This reaction is, of course, 
completely avoided by the use of stationary rectal 
thermocouples. 

Our experiments with continuous recording show 
that the temperature rise following handling of a 
rabbit reaches a maximum within one and one-half 



Fig. 6. — Curves shoiving the decrease in tempera- 
ture response as additional tests were performed in 
two groups of rabbits not used prior to the first 
tKt in this experiment. In one group of 17. rab- 
bits six tests were conducted in which 4 minimum 
pyrogenic doses were injected intravenously (solid 
line). In a_ different group of 13 rabbits nine tests 
were performed in the usual manner except that no 
injections were made (broken line). 
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to t'vo minutes and declines during the following ten 
to thirty minutes; on the other hand, it takes be- 
tween sixty to ninety minutes before the lowest 
"basal” temperature of an animal has become es- 
tablished. 

These obserx'ations suggest that in order to avoid 
readings on a declining slope of the temperature 
ctuTC one should wait sixty to ninety minutes after 
the first remoxal of the animal from its cage before 
starting an experiment; further, if the (relatively 
minor) temperature rises due to each insertion of a 
thermometer arc to be avoided, a stationary' rectal 
temperature measuring device should be used. 

The teclmiquc just described results in a generally 
lower average starting temperature and a relatively 
greater sensitixdty to thermogenic stimuli. How- 
ever, since the absolute temperature rise after in- 
jection of a standard dose of pyTogen is greater at 
lower and smaller at higher starting temperature 
levels, it is obx'ious that the permissible limit of 
mxximum temperature rises after injection of a 
test sample should be adjusted to the starting tem- 
perature. Figure 3 shows that such an adjustment 
can easily be made. 

These modifications in technique render pyrogen 
tests more sensitive and convenient; they do not, 
however, improve the quantitative aspects of the 
assay. In order to accomplish this purpose it is 
necessary to follow the principles used in other quan- 
titative bioassay procedures, namely, (a) comparison 
of the unknown sample with a known standard and 
(fi) use of an average group response as the basis for 
biometrical evaluation. \\'ith these modifications, 
the presently used technique can readily be made 
more quantitative. 

In order to estimate the pyrogen content of an 
unknown sample, it would seem advisable to com- 
pare the responses foUoiving the intravenous in- 
jection of, for example, three 4-fold dilutions of the 
unknown with 1, 4 and 10 minimum pyrogenic doses 
of the standard. At least 3 to 5 rabbits should be 
used on each dose level .and the average of the individ- 
ual temperature rises taken as the criterion of re- 
sponse. The directions in the U. S. P. procedure 
may generally be followed, except that the control 
temperature should be taken not sooner than one 
hour after removal of the animals from the cages. 
The minimum pyrogenic doses equivalent to the 
responses with the unknown can be estimated from 
the dosage response curve drawn for the three re- 
sponses with the standard; or biometrical proce- 
dures similar to those described recently by Knud- 
sen and Randall (IS) may be applied. In line with 
accepted bioassay procedure a standard curve must 
be obtained for each assay. 

The selection of a standard pyTogcnic substance 
is not easy. Although it is relatively simple to 
prepare a concentrate of high pyTOgenicity, and 
such a concentrate, if kept refrigerated or lyophilizcd 
and in sealed ampuls, is stable for at least one y'ear 
(in contrast to some chemically pure pyrogens which 
arc highly unstable), it must l)C kept in mind that 


bacterid pyrogens of diflercnt origin vary widtlv 
in their pharmaeological and toxicological proper, 
tics. This factor has been recognized in the varioiu 
collaborative studies initiated by the U. S. Pliann.i. 
copocia Revision Committee which selected a pyTo- 
gen statidard consisting of a mixture of five different 
pyrogens of bacterial origin. 

ITufortunatcIy, the term "pyrogen” is often usd 
rather loosely as if it were to designate a single, 
pharmacologically yvell-dcfincd agent. Indeed, 
many investigators and clinicians abroad are still 
reluctant to pay much attention to pyrogenie con- 
taminants and the U. S. Pharmacopoeia is the only 
one which ofiicially requires pyrogen tests and pre- 
scribes a method for this purpose. A thorough 
chemical, phannacologic.al, toxicological and clinical 
study of this entire field would therefore appear in 
order. 

SUMMARY 

1. The manipulations concomitant to 
the insertion of a rectal thermometer in 
rabbits are likely to cause an immediate rise 
in body temperature, reaching its peak 
within sixty to ninety seconds and requiring 
ten to thirty minutes for its return to normal. 

2. The body temperature of rabbits 
steadily declines on an average of 0.5° dur- 
ing the first sixty to ninety minutes after 
removal from their cages. 

3. The absolute response to a standard 
dose of pyrogens is greater at lower than at 
higher body temperatures. 

4. The pyrogen test can be made more 
quantitative if the average temperature 
response of the group of rabbits is used as 
basis for evaluations. 

5. The data indicate a linear relation- 
ship between the average maximum tem- 
perature rise and the logarithm of the dose of 
p>T'ogcn. 

G. The conduct of a quantitative test 
should involve comparison with a reference 
standard at several dose levels. 
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Stable Ascorbic Acid Solution for Parenteral Use* 

By JOSEPH L. CIMINERA and PAUL W. WILCOX 


The preparation of a stable buffered solution 
of ascorbic acid suitable for parenteral ad- 
ministration is described. Trisodium phos- 
phate is used to buffer the solution at pH 6.0 
to 6.5. Manufacture and storage are done in 
an atmosphere of nitrogen to prevent oxida- 
tion. Sterilization is accomplished by heat- 
ing sealed ampuls for ten minutes at 100°. 
This is made possible by filling into small-size 
ampuls (2 cc.) and by incorporating phenol 
in a concentration of 0.5 per cent. 

Cince ascorbic acid was made available 
in quantity, many patents concerning 
the preparation of this chemical in a stable 
form suitable for parenteral use have 
issued. The methods described involve the 
formation of a salt or ester of ascorbic acid 
in solution and usually include sealing in 
ampuls under an inert gas with or without 
the addition of an antioxidant. Some in- 
clude the preparation of the iron, nickel, 
cobalt, manganese, cadmium, or zinc salt 
(1); the magnesium salt (2); the sodium 
salt in anhydrous alcoholic solution (3); 
an aqueous solution of the salt of a base of 
the class consisting of the alkali metals, 
alkaline-earth metals, ammonia, and the 
lower alkali-substituted amines, which solu- 
tion contains a sulfur-containing reducing 
agent (sulfur dio.xide, sulfur-containing acids 
capable of yielding SOj, and soluble salts of 
tliem) (4) ; the double calcium salt prepared 
by tlie interaction of equimolecular amounts 
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of the calcium salt of quinic acid and the 
calcium salt of ascorbic acid (5) ; the quinine 
and quinidine esters (6); the benzoyl and 
veratroyl esters (7); the histidine ester 
(8) ; the iron, manganese, calcium, bismuth, 
arsenic, silver, gold, mercury, copper, zinc, 
aluminum, or tin salt (9); the aliphatic 
amine esters (10); the ephedrine, amphe- 
tamine, or epinephrine ester (11); and the 
use of thiourea and the methyl and ethyl 
derivatives of thiourea as antioxidants (12). 
In addition, the following have appeared on 
the market at one time or another: sodium 
ascorbate, monoethanolamine ascorbate, cal- 
cium ascorbate, methyl glucamine ascor- 
bate, ascorbic acid crystals, and others.. 

The above brief review indicates the com- 
plexity of the patent picture in this field. 
Consequently, we have endeavored to de- 
velop a stable buffered solution of ascorbic 
acid that does not infringe any e.xisting U. S. 
patent, and is acceptable for direct parenteral 
administration or for addition to intravenous 
infusions. 

To the best of our knowledge, an aqueous 
solution of ascorbic acid buffered with an 
alkaline sodium salt has not been described in 
the U. S. patent literature. After considering 
several alkaline sodium salts that are avail- 
able we decided to investigate the possi- 
bility of using trisodiura phosphate. The 
use of this compound for buffering ascorbic 
acid solutions has been described previously 
(13). However, no details were given for 
preparing and storing such solutions in a 
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inanncr lliat would cruaraiitcc prolonged 
stnbilily of vitamin C acti\'ity. It is the 
purpose of this paper to present full par- 
tiailars of a successful procedure. 

KXPERIMENTAL 

A 107c solution of x'corbic ncid w.is titratctl with 
n solution of trisodiurn phosphate of the same con- 
centration. Since the .solution of ascorbic acid be- 
gan to discolor at pll 7.0 and acquired a yellow- 
brown color above pH S.O, it was decided to buffer 
the solution at pH 0.3, corresponding to the addition 
‘/» mole — equivalent of trisodium phosphate. Ac- 
cordingly a solution of ascorbic acid was prepared 
as follows: 


Ter Cc. 

r>0mg. -b 10^^ Ascorbic Acid 55 Gm. 

00 mg. Trisodium Phosphate. 

Xa.POj- 1211-0 
(Mallinckrodt Ana- 
lytical Reagent) .... 00 Gm. 

0.5^ Phenol, crj’st.als 5 Gm. 

Distilled Water, pyro- 
gen-free, q. s 1000 cc. 


.A volume of 900 cc. of freshly distilled pyrogen- 
free water was heated to boiling. This was satura- 
ted with nitrogen while cooling to 30-35°. The 
ascorbic acid was added and stirring was continued 
until complete solution occurred. The trisodium 
phosph.ite then was added .and dissolved. Finally 
the phenol, previously melted on a water bath, and 
suOicient freshly distilled pyrogen-free water (satur.a- 
ted with nitrogen) to make 1000 cc. were added. 
Stirring was continued under nitrogen until solu- 
tion was complete. The solution was filtered 
through a sintered glass filter of medium porosity 
in an atmosphere of nitrogen and then was filled 
into sterile flame-sealed ampuls of 2-cc. capacity. 
This was carried out in an atmosphere of nitrogen 
under pressure and the ampuls were flushed with 
nitrogen at 5 pounds pressure for at least two seconds 
brfere and after filling. The se.aled ampuls were 
sterilized by immersion in boiling water, allowing 
the temperature of the water bath to rise rapidly to 
the boiling point again, and maintaining this tem- 
perature for exactly ten minutes. The ampuls were 
immedLatcIy removed, and quickly cooled by im- 
mersion in running water at 20-25°. 

Particular care was taken to exclude air and con- 
tact with metals during preparation. The ampuls 
were stored in a cool place protected from light. 

The eflectivencss of the sterilization procedure 
was cheeked bj- coutamin;iting the solution with B. 
subtilis spore-, and testing for sterility after the 
heat tri-.it im-nt. Ten thou-euid spiiri-s were added 
to e.ich cubic ceiilimeter of solution. The B. sub- 
ti'.i^ ii-etl was a p.irticiiljrly heat-re-Lstant strain 
tluit h.id l».eii lyophilizeil on jiowdered t.ilcum. The 
concentration of spores in the powder was 2.((00,0(X) 
{>« gram. Suimblc control ex;>criments proved that 
the org-ini-m., in thi- po;vder were vi.ible. 


All assays were conducted by the titration metluxl, 
using 2,fv-dichlorophenol-iudophciiol as suggested 
by Tillmans (Tl). 

RESULTS 

Under these conditions, our ampul solution was 
sterile after the heat trc.itmcnt and the />U was not 
altered. Manipulation during preparation resulted 
in a slight loss of ascorbic .acid. However, no fur- 
thcr loss w.as encountered after storage for twelve 
months in the dark at room temperature. The 
actual figures were as follows : 



A-ANAy 

/•It 

Theoretical 

55.0 mg./cc. 

0.3 

Initial assay before 

sterilization 

50.9 mg./cc. 

0.27 

Assay after sterilization 

51.3 mg./cc. 

0.25 

Assay after 12 months’ 
storage in the dark at 

room tcmpcrolitrc 

50. 1 mg./cc. 

0.22 


DISCUSSION 

Ascorbic acid and its salts arc known to deterio. 
rate in solution, cs])ccially in the iircscnce of air, 
traces of mct.als such as copper and iron, and light 
(15). The most ch.aractcristic property of ascorbic 
acid is its strong reducing action in solution and its 
ease of oxidation, a reaction that is catalyzed by 
some metals, espcci.ally coiipcr (10) and silver (17). 

Ascorbic acid in crystalline form is quite stable. 
Some laboratories have, therefore, resorted to mar- 
keting the dry chemical in sterile vials. This pro- 
cedure is both tedious and costly. Unless the ascor- 
bic acid in this form is dissolved in a btiflcr solution 
or in a solution of a substance capable of partially 
neutralizing it lieforc use, the resulting solution will 
be quite irritating when it is injected subcutaneously 
or intramuscularly. This is due mainly to the in- 
herently low pH of solutions of ascorbic acid in dis- 
tilled water, and is a substantial reason for the par- 
tial neutralization of a.scorbic acid by the prepara- 
tion of salts or esters, such as those heretofore de- 
scribed. 

The basic material we have employed for parti:d 
neutralization of ascorbic acid is an analytical re- 
agent grade of trisodium phosphate, NaiFOi.l2H:0. 
This salt has several advantages over many of the 
other compounds'that have Ijcen used. It is of more 
definite chemical composition and is more readily 
handled than is sodium hydroxide. Roth sodium 
bicarbonate and sodium carbonate react with ascor- 
bic acitl with the evolution of carbon dioxide, which 
has to be removed by degassing under vacuum (I). 
The analytical reagent grade of trisorlium pho.- 
phatc is subst;inti.ally free of cojipcr, silver, and 
other met:ds detrimental to the stability of ascorbic 
acid. Another virtue of this salt is its high bulTer 
e;ipacity, which is far superior to that of the other 
compounds mentioned. 

As discussed above, our solution of asr-orbic arid 
began to discolor at pH 7.0 ami acf|uircd a yellow- 
brown color above pH .R.O. This seems to r.upixirt 



SciENTiFtc Edition 


365 


the findings of others that solutions of ascorbic acid 
are oxidized rapidly upon exposure to light and air, 
particularly when the pB. approaches 7.0 (18). 

In our preparation it was found desirable to buffer 
the solution to pB 6.3 (6.0-6.5) by the addition of 
0.5 mole-equivalent of trisodium phosphate. This 
pB is sufficiently high to prevent discomfort at the 
sight of injection and yet is well below the critical 
point where ascorbic acid becomes more easily oxi- 
dized. 

In order to prevent oxidation of ascorbic acid 
during manipulation and storage, rigid measures 
were taken to exclude air. The water used first was 
boiled to remove dissolved gases and then was sat- 
urated with nitrogen during cooling. AH subse- 
quent manipulations were carried out under nitro- 
gen. The importance of this step cannot be over- 
emphasized. 

The solution may be sterilized by filtration 
through a sterile all-porcelain candle. AH candling 
procedures, however, entail a rigid aseptic technique 
to ensure sterility. Wherever possible, it is advan- 
tageous to sterilize solutions in sealed ampuls by 
the use of heat. 

At one time it was believed that ascorbic acid was 
heat-labile, but it is now known that the destruction 
of the vitamin is an oxidative process. Ascorbic 
acid can be heated for long periods of time without 
change, provided all contact with oxygen is e.xcluded 
(19). Since complete absence of oxygen cannot be 
assured in the manipulations required for mass pro- 
duction, some oxidation can be expected to occur in 
solutions that are subjected to autoclaving tempera- 
tures or even to the milder heat of tyndallization. 
The application of two basic principles of steriliza- 
tion will, however, obviate the need for high tem- 
peratures and prolonged periods of heating in order 
to bring about sterility in solutions. The first is 
concerned with the size of the container. Under- 
wood has shown that the smaller the container the 
shorter is the heating period required to bring about 
sterility of solutions (20). The second principle 
has to do with the effect of increase in temperature 
on the gennicidal power of phenol. Tilley has 
shown that there is a considerable increase in this 
power with an increase in temperature (21). We 
have applied these two principles to our solution 
and have found that ten minutes’ heating at 100“ 
effectively will sterilize our ampuls provided the 
size is restricted to 2 cc. or less and provided that 
phenol in a concentration of 0.5% is present in the 
solution. No loss of ascorbic acid and no discolora- 
tion occurred in our solution when it was subjected 
to this combined treatment. 

The method of sterilization probably could be 
used for ampuls of larger size, but the period of 
heating might have to be extended. This could 
c.asily be determined by trial. 

We have described the preparation of a buffcretl, 
stable solution of ascorbic acid containing 50 mg. of 
ascorbic acid in each cc. of solution. Concentra- 


tions up to 200 mg./cc. may be prepared similarly, 
provided the ratio (by weight) of trisodium phos- 
phate to ascorbic acid is maintained at 12:11. 

Our solution was added to intravenous infusions 
such as normal salt solution, Locke-Ringer’s solu- 
tion, 5% dextrose solution, and human blood 
plasma without evidence of precipitation. The 
quantity added represented 100 mg. of ascorbic acid 
per liter of intravenous infusion. 


SUMMARY AND CONCLUSIONS 


1. A method for preparing a stable, 
buffered solution of ascorbic acid is pre- 
sented, 

2. Stability is maintained by adherence 
to rigid anaerobic conditions by the use of 
nitrogen throughout manufacture and stor- 
age. 

3. Solutions containing 50 to 200 mg. 
of ascorbic acid per cubic centimeter may 
be buffered to 6.0-6.5 with an analytical 
reagent grade of trisodium phosphate, 
Na3P0<'12H20. This is accomplished by 
using 12 parts by weight of trisodiura 
phosphate to 1 1 parts of ascorbic acid. 

4. Sterilization is accomplished by in- 
cluding phenol in a concentration of 0.5 per 
cent and by heating the sealed ampuls (2 cc.) 
at 100° for ten minutes and then cooling. 

5. A solution so prepared was found to 
be stable for at least twelve months at room 
temperature in the dark. 
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Effect of the Anesthetic and the Rate of Injection of 
Digitalis upon Its Lethal Dose in Cats*^'^ 

By HARALD G. O. HOLCK, KAZUO K. KIi\aJRA, and B/VRBARA BARTELSt 

In parallel experiments six groups of 12 cats each were anesthetized with urethane 
and a like number with ether for injeaion with different dilutions of digitalis accord- 
ing to the U. S. P. XII method. The curses for urethane and for ether were parallel, 
indicating that the two methods of anesthesia gave results of about the same preci- 
sion. The smallest lethal dose of digitalis has been calculated to result with 1.7<> 
per cent of tincture of digitalis with cither anesthetic. The lethal dose of digitalis 
was 6.5 per cent greater with urethane than with ether anesthesia; the difference is 
statistically significant. The slope of the line shows that an error of about 8 per cent 
exists between the extremes of the 13 to 19 injections permitted by the Pharma- 
copoeia, due to change in concentration of tinaure alone. 


N THE DIGITALIS assavs of Bliss and .'Vll- 
rnark (1), by the cat tncthod, the con- 
centration of the U. S. P. Reference Standard 
Digitalis Powder (19-42) which would yield 
the ininiinuin lethal dose was not ascer- 
tained. Therefore, a major objective of 
the present work was the establishment of 
tliis dose by the inclusion of a sufTicient 
range of concentrations. In view of the 
reports by Edmunds, Moyer, and Shaw 
(2) and by Hoick, Smith, and Shuler (3) 
that the fatal dose of digitalis was from 10 
to 20 per cent higher with urethane than 
with ether and the conflicting report by 
David and Rajamanickam (4) that values 
for digitalis with urethane were not signifi- 
cantly diflerent from those with ether (only . 
five cats being used with each anesthetic), 
we included a series of tests to establish the 
relation between fatal dosages under these 
two anesthetics for the present reference 
standard. Because the 'studies of Chen, 
e! al. (.5), indicated that more accurate 
values may be obtained by considering 
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heart weights in addition to body weights, 
the hearts of all of our cats were weighed. 
A sccondaiy' objective was to determine 
whether or not our data would coiifinn the 
correction factor of S per cent established 
by Bliss and Allmark (1) for values at the 
extreme limits of the 13 to 19 injections now 
permitted by the pharmacopocial method. 

EXPERIMENTAL 

Parallel e.xpcrimctit.<:, each with 72 cats, were used 
to study the inniicncc of two ancstlietics upon the 
niinimuin lethal dose of the U. S. P. Reference 
Standard Powder (1942), ttrcthanc atid ether hcinR 
the anesthetics. Injections were made with six 
different dilutions of the Tincture of digitalis pre- 
pared according to the U. S. P. XII, using 0.9% so- 
dium cliloridc solution as the diluent. Starting 
with the highest dilution, these increased progres- 
sively in strengtii by 41.-12%, giving an increase of 
100% for each alternate concentration as the series 
ascended. Although several authors have reported 
no seasonal variations or trends (0-8), marked vari.i- 
tions may occur due to extraneous and unknown 
causes, such as inability to obtain cats raised under 
identical conditions (8). To avoid complications 
from such variations and from changes whicli might 
occur during any one day, six cats, forming a group, 
ss'crc injected on the same d.ay, each witli a different 
concentration of 1.00, 2.20, ,'1.20, 4. ."Vi, 0.40, and 
9.0.>% of the tincture of digitalis. The order of 
testing the concentrations was varied with tlic aid 
of 0 X 0 T.atin squares as given in the tables of 
I-'ishcr anti Yates (9); in two groups with urcthanr 
the order was rcsersed f'>r two of the cats, owing to 
accidental circiimst.-inees. ICther and uretlniiie sverr 
used alternately as llie aiiesthetii: in successive 
groups of six cats. With urethane v.e- employed ;i 
I53I5' f solution. An inlted dtjse of 1.2 Gm. iter Kg.. 
administerctl intramnscid.arly, was supplemcnlc'l 
with small do-.cs as needeil. All of the tests wire 
carried out Ix.-twceii June 2, lOtt, and Scptcmlxer 0, 
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1945, a period of fifteen months. Injections ivcre 
never in progress in more than 3 cats at any one 
time, with at least a one-minute interval between 
dosing any of these. 

The general procedure followed that in the U. S. P. 
XII (10), 1 cc. of the diluted tincture being adminis- 
tered every five minutes into a femoral vein tintil 
the heart beat has ceased. Although the U. S. P. 
allows a fasting range of sixteen to twenty-eight 
hours, our variations were kept within eighteen to 
twenty-six hours. No tincture older than twenty- 
one days was used, although the Pharmacopoeial 
tolerance is thirty days. After death each heart 
was excised, the blood vessels cut so as to make the 
cut surface plane with the heart surface, and the 
pericardium and extraneous fatty tissue removed. 
The heart was then opened, the blood or blood-clot 
removed, the cavities, rinsed out and any excess 
water removed with absorbent paper to leave the 
walls of the heart chambers in about the same con- 
dition as the outer surface. To insure more accurate 
body weights and also to ascertain the error due 
to this factor, the urine was expressed after each 
cat had been anesthetized. The number of cubic 
centimeters of diluted tincture to be administered 
was based on the initial body weight minus the 
weight of the urine. The survival time of each cat 
was recorded, but it has not been considered in the 
calculations. The cats were distributed among the 
various groups so as to equalize approximately the 
length of time they had been held in the laboratory, 
the proportion of male and female cats per group, 
and their body weights. While in our care the 
animals were kept in large, airy cages in a well- 
ventilated room and on a standard, adequate diet, 
including milk. 

RESULTS AND DISCUSSION 

The original data are summarized in Table I. For 
the sake of completeness we are including both the 
arithmetic and the geometric values. 


Concerning the amount of urine present, we found 
that 26 of the 72 cats giv'en urethane and 15 of the 
72 given ether had no urine which could be expressed. 
The three highest amounts of uride, expressed as 
percentage of body weight, were 3.6, 2.1, and 1.8, 
respectively, with urethane and 2.0, 2.0, and 1.9 
with ether. The urine amounted to less than 1% 
of body weight in 83% of the cats given urethane 
and in 78% of those which were etherized. 

The first stage in the analysis of the results was 
to compute, for the urethane and ether cats sepa- 
rately, an analysis of covariance in which the de- 
pendent variate was the log-dose of digitalis per cat 
and the two independent variates were the log-body 
weight and the log-heart weight. After removing 
the effect of differences between groups and be- 
tween concentrations of tincture, a partial regres- 
sion equation was determined from the error row for 
each anesthetic. In each case the log-body weight 
accounted for most of the variation between cats 
but the heart weight provided an additional correc- 
tion. The reduction in error due to the use of tlie 
heart weight as a second meagure had a variance 
ratio of 3.59 for urethane and 5.62 for ether, one 
just below and the other just above the 5% point 
of significance. Although somewhat more precise 
results would be obtained therefore by the use of the 
double correction for both body weight and heart 
weight, the gain was insufficient to compensate for 
the greater complexity of the analysis. 

We then determined within concentrations of 
digitalis, the slope of the regression of log-dose per 
cat upon the log-weight of cat. The regression co- 
efficients were b = 1.098 0.1D5 for urethane and 

1.054 St 0.087 for ether. Both differed from a 
value of 1 by less than the standard error. For 
this reason it was decided to use the conventional 
simpler relationship of fog-(mg./Kg.) as the measure 
of response to digitalis in each cat. 

The second stage was to compute an analysis of 
variance for urethane and for ether separately, iso- 
lating differences between groups, between doses 


Table I. — Summary of Results from Tests w’ith U. S. P. Reference Standard Digitalis (1942) in 
72 Cats under Urethane and 72 Cats under Ether Anesthesia'* 


Concentration of 
Tincture in 

Mean Wt. 

Mean Gin. 

Mean No. 

Mean Fatal Dose 

, Mg./Kg. 

Arithmetic 
Mean Fatal 
Pose, Mg./Gm. 

Per Cent 

in Kg.l> 

of Urine 

of Injections 

Geometric 

Arithmetic 

of Heart 

9.05 

2.68 

12 

A. Urethane 
9.8 

88.5 

89.0 

23.2 

6.40 

2.83 

20 

12.7 

81.2 

81.6 

20.8 

4.53 

2.76 

9 

17.3 

77.4 

78.1 

20.1 

3.20 

2.73 

13 

24.0 

76.1 

76.8 

19.4 

2.26 

2.81 

11 

30.1 

67.2 

68.1 

17.8 

1.60 

2.71 

19 

44.8 

70.6 

71.7 

19.2 

9.05 

2.70 

15 

B, Ether 
9.5 

85.2 

86.0 

23.3 

6.40 

2.69 

20 

12.5 

79.3 

80.0 

20.3 

4.53 

2.72 

17 

16.3 

72.7 

73.5 

20.0 

3.20 

2.66 

18 

21,6 

G8.-9 

69.1 

17.0 

2.26 

2.67 

13 

28.0 

63.2 

63.4 

16.3 

1.60 

2.67 

13 

40.5 

64.4 

64.8 

17.5 


• The cats were injected inlravcnolislr at n rale of I.O cc. per Kg. cverj- five mintiles until cardiac arrest occurred. Each 
subgroup contains 12 cats. 

^ After expressing tbc nrinc. 
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Effect of the Anesthetic and the Rate of Injection of 
Digitalis upon Its Lethal Dose in Cats*'^ 

By HARALD G. O. HOICK, KAZUO K. KIMURA, and BARBARA BARTELSt 

In parallel experiments six groups of 1 2 cats each were anesthetized with urethane 
and a like number with ether for injection with different dilutions of digitalis accord- 
ing to the U. S. P..XII method. The curves for urethane and for ether were parallel, 
indicating that the two methods of anesthesia gave results of about the same preci- 
sion. The smallest lethal dose of digitalis has been calculated to result with 1.76 
per cent of tincture of digitalis with either anesthetic. The lethal dose of digitalis 
was 6.5 per cent greater with urethane than with ether anesthesia; the difference is 
statistically significant. The slope of the line shows that an error of about 8 per cent 
exists between the extremes of the 13 to 19 injections permitted by the Pharma- 
copoeia, due to change in concentration of tincture alone. 


N THE DIGITALIS assays of Bliss and All- 
mark (1), by the cat method, the con- 
centration of the U. S. P. Reference Standard 
Digitalis Powder (1942) which would yield 
the minimum lethal dose was not ascer- 
tained. Therefore, a major objective of 
the present work was the establishment of 
this dose by the inclusion of a sufficient 
range of concentrations. In view of the 
reports by Edmunds, Moyer, and Shaw 
(2) and by Hoick, Smith, and Shuler (3) 
that the fatal dose of digitalis was from 19 
to 20 per cent higher with urethane than 
with ether and the conflicting report by 
David arid Rajaraanickam (4) that values 
for digitalis with urethane were not signifi- 
cantly different from those with ether (only . 
five cats being used with each anesthetic), 
we included a series of tests to establish the 
relation between fatal dosages under these 
two anesthetics for the present reference 
standard. Because the ' studies of Chen, 
et al. (5), indicated that more accurate 
values may be obtained by considering 


* Received Aug. 22, 194C, from the Department of Physi- 
ology and Pharmacology, College of Pharmacy, University 
of Nebraska, Lincoln 8, Neb. (H. G. O. H. and K. K. K.), 
and the Department of Pharmacology, Yale University, 
School of Medicine, New Haven 6, Conn. (B. B.). 

Presented to the Scientific Section of the A, Pin A., Pitt’s- 
burgh meeting, 1946. 

t This project was aided by a grant to the Department of 
Physiology and Pharmacology, College of Pharmacy, Uni- 
versity of Nebraska, from the Nebraska Foundation by 
courtesy of the Bankers Life Insurance Company, Miller 
and Paine, the First National Bank, the Midwest Life In- 
surance Company, the Nebraska Stale Journal and the 5/or, 
Gold and Company, and the Lincoln Drug Company, all of 
Lincoln, and by grants to the same department from the 
Ciba Pharmaceutical Products, Inc., and S. B. Penick and 
Company; also by a,grant from Eli Lilly and Company to 
the Department of Pharmacology of the School of Medicine, 
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i We are indebted to Professor E. Fullerton Cook for 
supplies of Reference Standard Digitalis Powder, to Dr. C. 
I. Bliss for consultations on the design of the experiment and 
for guiding the mathematical analysis, and to Mr. Tom Miya 
for aid in the tests. 


heart weights in addition to body weights, 
the hearts of all of our cats were weighed. 
A secondary objective was to determine 
whether or not our data would confirm the 
correction factor of S per cent established 
by Bliss and Allmark (1) for values at the 
extreme limits of the 13 to 19 injections now 
permitted by the pharmacopoeial method. 

EXPERIMENTAL 

Parallel experiments, each with 72 cats, were used 
to study the influence of two anesthetics upon the 
minimum lethal dose of the U. S. P. Reference 
Standard Powder (1942), urethane and ether being 
the anesthetics. Injections were made with six 
different dilutions of the tincture of digitalis pre- 
pared according to the U. S. P. XII, using 0.9% so- 
dium chloride solution as the diluent. Starting 
with the highest dilution, these increased progres- 
sively in strength by 41.42%, giving an increase of 
100% for each alternate concentration as the series 
ascended. Although several authors have reported 
no seasonal variations or trends (6-8), marked varia- 
tions may occur due to extraneous and unknown 
causes, such as inability to obtain cats raised under 
identical conditions (8). To avoid complications 
from such variations and from changes which might 
occur during any one day, six cats, forming a group, 
were injected on the same day, each with a different 
concentration of 1.00, 2.26, 3.20, 4.53, 6.40, and 
9.05% of the tincture of digitalis. The order of 
testing the concentrations was varied with the aid 
of 6 X 6 Latin squares as given in the tables of 
Fisher and Yates (9) ; in two groups with urethane 
the order was reversed for two of the cats, owing to 
accidental circumstances. Ether and urethane were 
used alternately as the anesthetic in successive 
groups of six cats. With urethane we employed a 
33.3% solution. An initial dose of 1.2 Gm. per Kg-> 
administered intramuscularly, was supplemented 
with small doses as needed. All of the tests were 
carried out between June 2, 1944, and September 3, 
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1045, a period of fifteen months. Injections were 
never in progress in more than 3 cats at any one 
time, with at least a one-minute interval between 
dosing any of these. 

The general procedure followed that in the U. S. P. 
XII (10), 1 cc. of the diluted tincture being adminis- 
tered every five minutes into a femoral vein until 
the heart beat has ceased. Although the U. S. P. 
allows a fasting range of sixteen to twenty-eight 
hours, our variations were kept within eighteen to 
twenty-six hours. No tincture older than twenty- 
one days was used, although the Pharmacopoeia! 
tolerance is thirty days. After death each heart 
was excised, the blood vessels cut so as to make the 
cut surface plane with the heart surface, and the 
pericardium and extraneous fatty tissue removed. 
The heart was then opened, the blood or blood-clot 
removed, the cavities, rinsed out and any excess 
water removed with absorbent paper to leave the 
walls of the heart chambers in about the same con- 
dition as the outer surface. To insure more accurate 
body weights and also to ascertain the error due 
to this factor, the urine was expressed after each 
cat had been anesthetized. The number of cubic 
centimeters of diluted tincture to be administered 
was based on the initial body weight minus the 
weight of the urine. The survival time of each cat 
was recorded, but it has not been considered in the 
calculations. The cats were distributed among the 
various groups so as to equalize approximately the 
length of time they had been held in the laboratory, 
the proportion of male and female cats per group, 
and their body weights. While in our care the 
animals were kept in large, airy cages in a well- 
ventilated room and on a standard, adequate diet, 
including milk, 

RESULTS AND DISCUSSION 

The original data are summarized in Table I. For 
the sake of completeness we are including both the 
arithmetic and the geometric values. 


Concerning the amount of urine present, we found 
that 26 of the 72 cats given urethane and 15 of the 
72 given ether had no urine which could be expressed. 
The three highest amounts of uride, expressed as 
percentage of body weight, were 3.6, 2.1, and 1.8, 
respectively, with urethane and 2.0, 2.0, and 1.9 
with ether. The urine amounted to less than 1% 
of body weight in 83% of the cats given urethane 
and in 78% of those which were etherized. 

The first stage in the analysis of the results was 
to compute, for the urethane and ether cats sepa- 
rately, an analysis of cov'ariance in which the de- 
pendent variate was the log-dose of digitalis per cat 
and the two independent variates were the log-body 
weight and the log-heart weight. After removing 
the effect of differences between groups and be- 
tween concentrations of tincture, a partial regres- 
sion equation was determined from the error row for 
each anesthetic. In each case the log-body weight 
accounted for most of the variation between cats 
but the heart weight provided an additional correc- 
tion. The reduction in error due to the use of the 
heart weight as a second measure had a variance 
ratio of 3.59 for urethane and 5.62 for ether, one 
just below and the other just above the 5% point 
of significance. Although somewhat more precise 
results would be obtained therefore by the use of the 
double correction for both body weight and heart 
weight, the gain was insufficient to compensate for 
the greater complexity of the analysis. 

We then determined within concentrations of 
digitalis, the slope of the regression of log-dose per 
cat upon the log-weight of cat. The regression co- 
efficients were 6 — 1.098 * 0.1D5 for urethane and 
1.054 0.087 for ether. Both differed from a 

value of 1 by less than the standard error. For 
this reason it was decided to use the conventional 
simpler relationship of log-(rag./Kg.) as the measure 
of response to digitalis in each cat. 

The second stage was to compute an analysis of 
variance for urethane and for ether separately, iso- 
lating differences between groups, between doses 


Table I. — Summary of Results from Tests with U. S. P. Reference Standard Digitalis (1942) in 
72 Cats under Urethane and 72 Cats under Ether Anesthesia” 


Concentration of 
Tincture in 

Mean Wt. 

Mean Gm, 

Mean No. 

Mean Fatal Dose. Mg-/Kg. 

Arithmetic 
Mean Fatal 
Dose, Mg./Gm. 

Per Cent 

in Kg.i 

of Urine 

of Injections 

Oeooactric 

Arithmetic 

of Heart 

9.05 

2.68 

12 

A. Urethane 
9.8 

88.5 

89.0 

23.2 

6.40 

2.83 

20 

12.7 

81.2 

81.6 

20.8 

4.53 

2.76 

9 

17.3 

77.4 

78.1 

20.1 

3.20 

2.73 

13 

24.0 

76.1 

76.8 

19.4 

2.26 

2.81 

11 

30.1 

67.2 

68.1 

17.8 

1.60 

2.71 

19 

44.8 

70.6 

71.7 

19.2 

9.05 

2.70 

15 

B. Ether 
9.5 

85.2 

86.0 

23.3 

6.40 

2.69 

20 

12.5 

79.3 

SO.O 

20.3 

4.63 

2.72 

17 

16.3 

72.7 

73.5 

20.0 

3.20 

2.66 

18 

21.6 

68.9 

69.1 

17.0 

2.26 

2.67 

13 

28.0 

63.2 

63.4 

16.3 

1.60 

2.67 

13 

40.5 

64.4 

04.8 

17.5 


“ The cats were injected intravenously at n rate of 1.0 cc. per Kp. every five miniites until cardiac arrest occurred. ' Each 
subgroup contains 12 cats. 

> After expressing tbc urine. 
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Effect of the Anesthetic and the Rate of Injection of 
Digitalis upon Its Lethal Dose in Cats*'^ 

By HARALD G. O. HOLCK, KAZUO K. KIMURA, and BARBARA BARTELSt 

In parallel experiments six groups of 12 cats each were anesthetized with urethane 
and a like number with ether for injection with different dilutions of digitalis accord- 
ing to the U. S. P.. XII method. The curves for urethane and for ether were parallel, 
indicating that the two methods of anesthesia gave results of about the same preci- 
sion. The smallest lethal dose of digitalis has been calculated to result with 1.76 
per cent of tincture of digitalis with either anesthetic. The lethal dose of digitalis 
was 6.5 per cent greater with urethane than with ether anesthesia; the difference is 
statistically significant. The slope of the line shows that an error of about 8 per cent 
exists between the extremes of the 13 to 19 injections permitted by the Pharma- 
copoeia, due to change in concentration of tincture alone. 


N THE DIGITALIS assays of Bliss and All- 
mark (1), by the cat method, the con- 
centration of the U. S. P. Reference Standard 
Digitalis Powder (1942) which would yield 
the minimum lethal dose was not ascer- 
tained. Therefore, a major objective of 
the present work was the establishment of 
this dose by the inclusion of a sufficient 
range of concentrations. In view of the 
reports by Edmunds, Moyer, and Shaw 
(2) and by Hoick, Smith, and Shuler (3) 
that the fatal dose of digitalis was from 19 
to 20 per cent higher with urethane than 
with ether and the conflicting report by 
David arid Rajamanickam (4) that values 
for digitalis with urethane were not signifi- 
cantly different from those with ether (only . 
five cats being used with each anesthetic), 
we included a series of tests to establish the 
relation between fatal dosages under these 
two anesthetics for the present reference 
standard. Because the ' studies of Chen, 
el al. (5), indicated that more accurate 
values may be obtained by considering 


* Received Aug. 22, 1940, from the Department of Physi- 
ology and Pharmacology, College of Pharmacy, University 
of Nebraska, Lincoln 8, Neb. (H. G. O. H. and K. K, K.), 
and the Department of Pharmacology, Yale University, 
School of Medicine, New Haven 6, Conn. (B. B.). 

Presented to the Scientific Section of the A. Ph. A., Pitts- 
burgh meeting, 1946. 

t This project was aided by a grant to the Department of 
Phj’^siology and Pharmacology, College of Pharmacy, Uni- 
versity of Nebraska, from the Nebraska Foundation by 
courtesy of the Bankers Life Insurance Company, Miller 
and Paine, the First National Bank, the Midwest Life In- 
surance Company, the Nebraska Slate Journal and the 
Gold and Company, and the Lincoln Drug Company, all of 
Lincoln, and by grants to the same department from the 
Ciba Pharmaceutical Products, Inc., and S. B. Penick and 
Company; also by arrant from Eli Lilly and Company to 
the Department of Pharmacology of the School of Medicine, 
Yale University. 

t We are indebted to Professor E. Fullerton Cook for 
supplies of Reference Standard Digitalis Powder, to Dr. C. 
I. Bliss for consultations on the desi^ of the experiment and 
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heart weights in addition to body weights, 
the hearts of aU of our cats were weighed. 
A secondary objective was to determine 
whether or not our data would confirm the 
correction factor of S per cent established 
by Bliss and Allmark (1) for values at the 
.extreme limits of the 13 to 19 injections now 
permitted by the pharmacopoeial method. 

EXPERIMENTAL 

Parallel experiments, each with 72 cats, were used 
to study the influence of two anesthetics upon the 
minimum lethal dose of the U. S. P. Reference 
Standard Powder (1942), urethane and ether being 
the anesthetics. Injections were made with six 
different dilutions of the ’tincture of digitalis pre- 
pared according to the U. S. P. XII, using 0.9% so- 
dium chloride solution as the diluent. Starting 
with the highest dilution, these increased progres- 
sively in strength by 41.42%, giving an increase of 
100% for each alternate concentration as the series 
ascended. Although several authors have reported 
no seasonal variations or trends (6-8), marked varia- 
tions may occur due to extraneous and unknown 
causes, such as inability to obtain cats raised under 
identical conditions (8). To avoid complications 
from such variations and from changes which might 
occur during any one day, six cats, forming a group, 
were injected on the same day, each with a different 
concentration of 1.60, 2.26, 3.20, 4.53, 6.40, and 
9.05% of the tincture of digitalis. The order of 
testing the concentrations was varied with the aid 
of 6 X 6 Latin squares as given in the tables of 
Fisher and Yates (9) ; in two groups with urethane 
the order was reversed for two of the cats, owing to 
accidental circumstances. Ether and urethane were 
used alternately as the anesthetic in successive 
groups of six cats. With urethane we employed a 
33.3% solution. An initial dose of 1.2 Gm. per Kg., 
administered intramuscularly, was supplemented 
with small doses as needed. All of the tests were 
carried out between June 2, 1944, and September 3, 


Scientific Edition 


307 


1945, a period of fifteen months. Injections were 
never in progress in more than 3 cats at anj' one 
time, with at least a one-minute interval between 
dosing any of these. 

The general procedure followed that in the U. S. P. 
XII (10), 1 cc. of the diluted tincture being adminis- 
tered every five minutes into a femoral vein until 
the heart beat has ceased. Although the U. S. P. 
allows a fasting range of sixteen to twenty-eight 
hours, our variations were kept within eighteen to 
twenty-six hours. No tincture older than twenty- 
one days was used, although the Pharmacopoeia! 
tolerance is thirty days. After death each heart 
was e,xcised, the blood vessels cut so as to make the 
cut surface plane with the heart surface, and the 
pericardium and extraneous fatty tissue removed. 
The heart was then opened, the blood or blood-clot 
removed, the cavities, rinsed out and any excess 
water removed with absorbent paper to leave the 
walls of the heart chambers in about the same con- 
dition as the outer surface. To insure more accurate 
body weights and also to ascertain the error due 
to this factor, the urine was expressed after each 
cat had been anesthetized. The number of cubic 
centimeters of diluted tincture to be administered 
was based on the initial body weight minus the 
weight of the urine. The survival time of each eat 
was recorded, but it has not been considered in the 
calculations. The cats were distributed among the 
various groups so as to equalize approximately the 
length of time they had been held in the laboratory, 
the proportion of male and female cats per group, 
and their body weights. While in our care the 
animals were kept in large, airy cages in a well- 
ventilated room and on a standard, adequate diet, 
including milk. 

RESULTS AND DISCUSSION 

The original data are summarized in Table I. For 
the sake of completeness we are including both the 
arithmetic and the geometric values. 


Concerning the amount of urine present, we found 
that 20 of the 72 cats given urethane and 15 of the 
72 given ether had no urine which could be expressed. 
The three highest amounts of uriile, expressed as 
percentage of body weight, were 3.0, 2.1, and 1.8, 
respectively, with urethane and 2.0, 2.0, and 1.9 
with ether. The Urine amounted to less than 1% 
of body weight in 83% of the cats given urethane 
and in 78% of those which were etherized. 

The first stage in the analysis of the results was 
to compute, for the urethane and ether cats sepa- 
rately, an analysis of covariance in which the de- 
pendent variate was the log-dose of digitalis per cat 
and the two independent variates were the log-body 
weight and the log-heart weight. After removing 
the effect of differences between groups and be- 
tween concentrations of tincture, a partial regres- 
sion equation was determined from the error row for 
each anesthetic. In each case the log-body weight 
accounted for most of the variation between cats 
but the heart weight provided an additional correc- 
tion. The reduction in error due to the use of the 
heart weight as a second measure had a variance 
ratio of 3.59 for urethane and 5.62 for ether, one 
just below and the other just above the 5% point 
of significance. Although somewhat more precise 
results would be obtained therefore by the use of the 
double correction for both body weight and heart 
weight, the gain was insufficient to compensate for 
the greater complexity of the analysis. 

We then determined within concentrations of 
digitalis, the slope of the regression of log-dose per 
cat upon the log-weight of cat. The regression co- 
efficients were b = 1.098 =* 0.1D5 for urethane and 
1.054 0,087 for ether. Both differed from a 

value of 1 by less than the standard error. For 
this reason it was decided to use the conventional 
simpler relationship of log-(mg./Kg.) as the measure 
of response to digitalis in each cat. 

The second stage was to compute an analysis of 
variance for urethane and for ether separately, iso- 
lating differences between groups, between doses 


Table I. — Summary of Results from Tests with U. S, P. Reference Standard Digitalis (1942) in 
72 Cats under Urethane .and 72 Cats under Ether Anesthesia” 


Concentration of 
Tiuctarc in 

Mean \Vt. 

Mean Gm. 

Mean No. 

Mean Fatal Dose. Mr./Kc. 

Arithmetic 
Mean Fatal 

Per Cent 

in Kg.fc 

of Urine 

of Injections 

Geonjctric 

Arithmetic 

of Heart 

9.05 

2.68 

12 

A. Urethane 
9.8 

88.5 

89.0 

23.2 

G.40 

2.83 

20 

12.7 

81.2 

81.6 

20.8 

4.53 

2.76 

9 

17.3 

77.4 

78.1 

20.1 

3.20 

2.73 

13 

24.0 

76.1 

76.8 

19.4 

2.20 

2.81 

11 

30.1 

67.2 

68.1 

17.8 

1.60 

2.71 

19 

44.8 

70.0 

71.7 

19.2 

9.05 

2.70 

15 

B, Ethcr 
9.5 

85.2 

86.0 

23.3 

6.40 

2.69 

20 

12.5 

79.3 

80.0 

20.3 

4.53 

2.72 

17 

16.3 

72.7 

73.5 

20.0 

3.20 

2.66 

18 

21.6 

68.-9 

69.1 

17.0 

2.26 

2.67 

13 

28.0 

63.2 

63.4 

16.3 

1.60 

2.67 

13 

40.5 

04.4 

64.8 

17.5 


“ The cals were injected intravenously at a rate ot 1.0 ec. per Kg. ever}- five minutes until cardiac arrest occurred ‘ VicU 
subgroup contains 12 cats. .ui-u 

* After cxprcssittR the urine. 
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and their interaction or error as in a randomized 
block experiment. The variation between doses 
was divided into a linear term, a quadratic term, 
and a remainder. If the lethal dose of digitalis de- 
pended upon the concentration of the solution of 
tincture, it should be possible to express the relation 
between the two as a curve with linear and quadratic 
terms. One or both terms should be highly signifi- 
cant. If this curve were substantially a straight 
line over the entire range of concentrations, the 
quadratic term should not be significant in com- 
parison with the remainder or error. The mean 
square for the remaining 3 degrees of freedom be- 
tween doses should approximate the interaction 
of doses by groups or error. In both cases the 
quadratic term was larger than the error although 
not significantly so and the error terms agreed with 
each other well within expectation. 

For these reasons the two series of experiments 
have been combined into a single analysis of variance 
as shown in Table II. 


They were related similarly to the log-concentration 
of the injection fluid, a relation which departed but 
little from a straighfline. The design of the experi- 
ment in groups mcreased its precision appreciably. 

The mean response at each rate of injection was 
then plotted on cross-section paper as in Fig. 1. In 
both cases the lowest concentration of injection 
fluid gave a higher lethal dose than the next larger 
concentration. The two series of points paralleled 
one another as would be expected from the analysis 
of variance. The data were then examined in re- 
spect to two questions. 

The first was to determine the concentration of 
injection fluid which would lead to the minimum 
dose since this seemed to be bracketed by the ob- 
served range. This can be determined from the 
ratio of the regression coefficients in fitting a quad- 
ratic to the three or four observations covering the 
range which includes the minimal value. In conse- 
quence a new curve was computed by least squares 
from the totals for both urethane and ether anesthe- 


Table II.— Analysis of Variance of the Individual Log-Doses of Digitalis 


Term 

Degrees of 
Freedom 

Mean Square 
or Variance 

Variance Ratio 

or F 

Urethane * ether 

1 

0.026923 


5.08* 

Between groups of cats 

22 

0:005303 

i.i^” 

1.00 

Combined slope, be 

1 

0.239216 

82.46“ 


Quadratic, combined results 

Comparing urethane and ether 

1 

0.009249 

3.19 

... 

In slope 

1 

0.002857 

0.98 

. . . 

In quadratic curvature 

Variation of means about separate curves 

1 

0.000110 

0.04 


for urethane and ether 

6 

0.002321 

0.80 

. . 

Error: 

no 

0.002901 

1.00 


In urethane experiments 

55 

0.003260 



In ether experiments 

55 

0.002542 

... 



" Statistically significant, P < 0.05, 



Log Concenfrat/on of T/ncture of D'lgifo Lis for f/yeefion 


Fig. 1. — A plot of the mean log-doses for data 
present in Table III. 

From the above analysis of variance it is evident 
that the two anesthetics gave results of about the 
same precision as judged from the sampling error. 


sia at the four lowest concentrations of digitalis. 
The equation was of the form 

Y = o' -(- -1- 62X’, 

where x is the log-concentration of digitalis. 
The ratio of bi to 262 gives the value of x at which Y 
is a minimum. In terms of the log-concentration of 
digitalis solution, this proved to be 

Xmin — 0.246 ± 0.142 


Table III. — ^Mean Log-Doses for Data Analyzed 
IN Table II and Plotted in Fig. 1 



Log- 

Mean Log-Dose per 


Concentration 

Cat in Mg./Kg. 


Digitalis 

Urethane 

Ether 

Plotted points 

0.204 

0.8489 

0.8091 


0.355 

0.8275 

0.8008 


0.505 

0.8816 

0.8380 


0.656 

0.8888 

0.8615 


0.806 

0.9098 

0.8995 


0.957 

0.9469 

0.9305 

Straight line 

0.32 

0.8254 

0.8005 


1.02 

0.9621 

0.9372 
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From the antilog of this result the smallest lethal 
dose of digitalis in cats was observed when the in- 
jection fluid had a concentration of 1.76% of tinc- 
ture of digitalis. Within limits of one standard de- 
viation this represented 1.27% to 2.45%.. Judging 
from the above analysis of variance, the two forms of 
anesthesia did not differ significantly in the concen- 
tration of digitalis which gave the smallest dose in 
mg./Kg. If a dilution of the injection fluid were to 
be selected so as to obtain the minimal lethal dose 
per cat, an average of 40 instead of the 15 injections 
in the U. S. P. XII would be required on the basis of 
these e-Nperiments. 

The second point at issue was the relative toxicity 
of digitalis under ether and urethane anesthesia. 
This could be measured in two ways, from the rela- 
tive concentrations of injection fluid and from the 
relative doses at equal rates of injection. For the 
first procedure the lowest dose was omitted and the 
results recomputed from the five higher concentra- 
tions. The parallel lines shown in the figure have 
been drawn with this combined slope = 0.1953 

0.0595. The horizontal distance between these 
two lines indicates the relative toxicity in terms of 
the concentration of digitalis of the urethane- 
anesthetized cats as compared with those anesthe- 
tized with ether. By this definition the log-ratio 
of toxicity was M — 0.1272 0.0494. In other 

words, a 34% greater concentration of digitalis was 
required to give the same lethal dose in cats that had 
been anesthetized with ether as in those anesthe- 
tized with urethane. The second method was to 
compare the lethal dose with each anesthetic at 
corresponding concentrations of injection fluid, 
representing the first row in the analysis of variance. 
In terms of the log-toxic dose computed from all 
records, the mean difference was 0.02735 =*= 0.01214. 
At equal concentrations the lethal dose of digitalis 
was 6.5% greater with urethane than with ether 
anesthesia, a statistically significant increase. 

Another point worthy of note is the close agree- 
ment between the slope established in the present 
studies, be = 0.195 =*= 0.060 and the one reported by 
Bliss and Allmark (1), 0.201 =*= 0.053, the latter 
having been calculated from only 4 concentrations. 
An error of about 8% could arise in the pharraa- 
copceial digitalis assay if the number of injections 
were to differ from 13 to 19, between the standard 
and the unknown or test preparations. On the 
average, the potency of the unknown should be in- 
creased about 1.33% for every injection the un- 
known is lower than the standard or decreased by 
about the same amount for every injection it is 
higher. 

In these studies the toxic dose with urethane was 
only C.5% greater than those with ether, although a 
difference of 19% to 20% was reported in two pre- 
vious studies using several samples of digitalis (2, 3). 
Since the latter values were based on many cats, a 
question may be raised as to the source of the dif- 
ference. In each case it apparently held over a 
wide range of fatal dosage and comparisons were 


made both with cats receiving the same concentra- 
tion and with those having about the same survival 
time. The fact that the administration was con- 
tinuous rather than intermittent in the earlier studies 
can hardly explain the difference. 

SUMMARY 

1. Cats were anesthetized with urethane 
or ether and injected with different concen- 
trations of digitalis in parallel experiments. 
The animals were arranged in 24 groups of 
six, one cat being tested with each of the 
following concentrations: 1.60, 2.26, 3.20, 
4.53, 6.40, and 9.05 per cent of tincture of 
U. S. P. Reference Digitalis (1942). The 
data on each cat included its body weight, 
heart weight, and the lethal dose of drug 
per Kilogram of cat, using the U. S. P. XII 
method for assaying di|jtalis. 

2. Although the heart weight provided 
an additional correction, the gain in ac- 
curacy was insufficient to compensate for 
the greater complexity of the analysis. In 
the analysis the log- (mg./Kg.) has been 
used as the measure of response to digitalis 
in each cat. 

3. Curves for urethane and for ether 
anesthesia relating the logarithm of the 
lethal dose of digitalis to the log-concentra- 
tion of injection fluid were parallel. Ac- 
cordingly, the two experiments were an- 
alyzed together, the two methods of anes- 
thesia giving results of about the same pre- 
cision. 

4. With either anesthetic the lowest con- 
centration of injection fluid gave a higher 
lethal dose than the next larger concentra- 
tion. The smallest lethal dose of digitalis 
would be expected with 1.76 per cent of 
tincture of digitalis, the limits of one stand- 
ard error being 1.27 and 2.45 percent. This 
value did not differ significantly between the 
two anesthetics. 

5. A 34 per cent greater concentration 
of digitalis was required with the 5 stronger 
concentrations to give the same lethal dose 
in cats anesthetized with ether as in those 
anesthetized with uretliane. At equal con- 
centrations of injection fluid, tlie lethal dose 
of digitalis was 6.5 per cent greater with 
urethane than with ether anesthesia, a 
statistically significant difference. 
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6. The slope of the line for the 5 stronger 
concentrations confirmed the value reported 
by Bliss and Allmark (1) that an error of 
about 8 per cent in potency could occur due 
to the effect of concentration, if an assay in- 
cluded the extremes of thirteen and nineteen 
injections. 

7. The error due to inclusion of bladder 
m-ine in the body weight was less than 1 per 
cent in 80 per cent of the cases, and exceeded 
2 per cent in only two of the cats. 
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United States Pharmacopceial Convention 

Sixth Annual Fhiancial Report, Covering the Period from May 1, 1945, 
to April 30, 1946, and Based Upon the Report of the Auditor 

STATEMENT OF INCOME AND EXPENSE FOR THE YEAR ENDED APRIL 30, 1946 


Income 

Sale of Pharmacopoeias: 

Collections 

Add: Increase in Accounts Receivable 

April 30, 1946 

April 30. 1945 


Sale of Reference Standards, A. M. A. Ar 

Collections 

Add : Increase in Accounts Receivable 

April 30, 1946 

April 30, 1945 

S 6,545.94 

Less: Decrease in Collections Pending Remittance to the 


Treasurer 

April 30, 1945 $ 825.61 

April 30, 1946 719.25 106.36 6,439.58 


Interest on Investments: 

Collections 

Add: Increase in Accrued Interest Receivable 

April 30, 1946 

April 30, 1945 

Less: 

Amortization of Bond Premiums 

Purchase of Accured Interest Receivable. . . . 

Miscellaneous Income: 

Collections .$ 180.91 

Add: Net Adjustment of Furnishings and Equipment Account and 
Reserve 




Total Income 


04.75 


245.60 

344,476.89 
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Less; 


Expenses 

Publication and Sales Expense SI 1,207. 25 

Add: Decrease in Inventory 
April 30, 1945 86,630.34 

AprUSO, 1946 4,014.59 2,615.75 $13,823.00 


' Administration 

Convention 

Revision $24,332.98 


3,636.93 

16.99 


Add: Decrease in Inventory 
Reference Standards 


April 30, 1945 $2,796.18 

April 30, 1946 2,073.02 723.16 25,050.14 


Research 6,177.73 

Stationery and Supplies Inventory Adjustment 111.57 

Provision for Depreciation; 

Building S 241.23 

Furnishings and Equipment 202.49 443.72 


$49,266.07 


Excess of Expense over Income 

For the Year Ended April 30, 1946 $ 4,789. IS 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS (GENERAL ACCOUNT) 

FOR THE YEAR ENDED APRIL 30, 1946 

Cash Receipts and Disbursements 

Cash on Deposit, April 30, 1945 S 67,368.65 


Add: 


Receipts 

Sale of Pharmacopceias 

Sale of Reference Standards, A. M. A. Articles, etc. 

Sale of Securities 

Interest on Investments 

Use of Text by Others 

Miscellaneous 


$34,904.75 

6,188.94 

15,000.00 

2,431.25 

15.00 

165.91 58,705.85 


$126,074.50 


Less 

Disbursements 

Publications 
and Sales 

Adminis- 

tration 

Printing and 
Binding 

$11,142.44 

$1,650.00 

1,101.06 

320.12 

45.85 

Clerical 

Meetings 


Postage and 
Telegrams. . . 
Compensation. 
Headquarters.. 
General 


95.60 

64.81 

424.29 


Con- 


ntion 

Revision 

Research 

Total 

$11,142.44 

11,825.00 

7,560.35 


$10,175.00 

6,309.46 


5.03 

144.80 


1,522.59 

1,052.51 

2,895.22 

9.66 

968.18 

353.62 

1,376.65 

2.04 

955.59 

28.23 

1,081.46 



4,550.04 

4,550.04 


1,303.39 


1,303.39 

0.92 

3,098.77 

48.53 

3,637.32 


$11,207.25 $3,636.92 $16.99 S24,.332.98 .$6,177.73 $45,371.87 


Add: 

Purchase of Securities $15,000.00 

Purchase of Accrued Interest Receivable 18.36 

Purchase of Furnishings and Equipment 1,406.50 

Building Improvements 1,863.53 $63,660.26 


CashonDeposit, April 30, 1946 ; ' $62,414.24 
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A MORE DETAILED AND SUPPLEMENTARY STATEMENT ON THE REVISION AND 

RESEARCH EXPENSES 

Revision — ^Meetings 


Chairman’s Conferences 
Hearing, U. S. P. XIII. . 


$ 1,159.11 
363.48 

$ 1.522.59 


Revision — Supplies 


Stationery 

Mimeograph Supplies 

Miscellaneous Office Expenses 


$ 224.40 

396.00 
347.78 


$ 968.18 


Revision — Salaries 


Revision Chairman, E. Fullerton Cook S 7,375.00 

Executive Assistant, Adley B. Nichols 2,800.00 


$10,175.00 


Revision — General 

Reference Standards — Maintenance and Renewals 

Reference Standards — New 

Pharmacopoeia & Physician Articles — -Spanish 

Inter-^ciety Color Council , 

Miscellaneous Expenses 


$ 542.36 

2,226.26 
182.04 
25.00 
123.11 


$ 3,098.77 


Building 


Moving S 252.84 

Maintenance — General and Janitorial 1,050.55 


$ 1,303.39 


Research 


Subcommittee 

Meetings, 
Supplies, 
Postage, 
Clerical and 
General 

Technical Assistance 


1. Scope 

5. Botany & Pharmacognosy .... 

7. Inorganic Chemicals 

8. Organic Chemicals 

10. Volatile Oils 

13. Ointments 

Penicillin Study 

Anti-anemia Products Board 

Endocrine Products Board 

. . $ 15.70 

30.39 
163.57 
4.26 
30.00 
318.19 
6.40 

195.73 

737.73 
61 81* 

Dr. Frederick K. Bell, Asst, to Dr. 

Kxantz 

Kenneth Waters, Asst, to Dr. Beal 

Laboratory Assistant — ^Running Assays 
and Caring for Animals 

$2,500.04 

$1,800.00 

$ 250.00 

Vitamin Board 

Digitalis Study 

!! 3i!90 

32.02 


$4,550.04 

1,627.69 


$1,627.69 


$6,177.73 


Total 
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The Chemical Assay of Penicillin*-^ 

By MERLIN MUNDELL, HENRY FISCHBACH, and THOMAS E. EBLE 

A number of methods for the chemical determination of penicillin have been studied. 
Two methods, namely, the penicillibase procedure and the method based on the 
iodometric titration, have been compared with the bio-assay on a large number of 
samples of penicillin. Data are reported which indicate that the results of either of 
the chemical methods are more accurate and reproducible than the results of the 
bioassay. Due to certain technical difficulties inherent in the penicillinase pro- 
cedure, the authors prefer the iodometric titration to all other methods studied. 


-pODR ANTIBIOTICS of the peniciUin group 

have been isolated from commercial prod- 
ucts and all have the empirical formula 
CsHiiOtSNo-R (1). In peniciUin F, R is 
pentenyl ( — CH2'CH = CH-CH2- 

CHs) ; R in penicillin G is the benzyl group 
( — CH2-C6H6); in penicillin X, R is the p- 
hydroxy benzyl group ( — CHa — CeH^OH); 
and in penicillin K, R is the n-heptyl group 
(— CHs • CHj • CHj • CHa • CHj • CH, • CH3) . 

Penicillin prepared commerciaUy may con- 
tain any mixture of the four types of peni- 
cillin but most preparations are believed to 
contain a mixture of penidUins G and K 
predominately. 

These penicillins are known to differ in 
their activity against certain organisms. 
For use as a standard, the activity of pure 
penicillin G against Staphylococcus aureus 
in vitro has arbitrarily been set at 1667 units 
per milligram. Under similar conditions, 
penicillins K and X have been shown to have 
activities of approximately 2300, and 900 
units per milligram, respectively, while 
penicillin F has a potency which 'has been 
variously reported to be 1400 to 1900 units 
per milligram. 

The activities in vivo e.\periments do not 
parallel those determined in vitro. Welch, 
cl al. (2) have reported that penicillin X is 
more effective than commercial penicillin 
in the treatment of gonorrhea on a imit 
basis. They also report tliat preliminary 
studies indicate tliat penicillin X is three to 
five times more effective than commercial 
penicillin in protecting mice against 10,000 

* Received Oct. 28, 194G, from the Chemical Section of 
the Medical Division, Food and Drug Administration, Fed- 
eral Security Agency, Washington, D. C. 

t A portion of this material has been presented by Mr. 
Eble in partial fulfillment of the requirements for the degree 
of Master of Science in the Department of Rioebemistry, 
Georgetown University. 


lethal doses of pneumococcus. In view of 
this variation in activity, the ideal method 
of assay for penicillin would be one which 
would determine the amount of each of the 
penicillins present in the preparation. While 
methods for that purpose have been pro- 
posed, they are as yet too time-consuming 
to be feasible as routine control procedures. 
Until a simple procedure has been devised 
for the determination of the amount of 
each of the various types of penicillin in a 
mixture, the control of the production of 
this material should be based on the method 
of assay which gives the greatest degree of 
accuracy and the most uniformly reproduc- 
ible results. 

A cup-plate procedure for tlie assay of 
penicillin was first proposed by Abraham, 
et al. (3), and was based on the activity of 
penicillin in vitro against Staph, aureus. The 
authors pointed out tliat, with the use of 
three plates, the inlierent error was probably 
not greater than =*=25%. This method has 
undergone numerous refinements with the 
view of increasing the accuracy of the pro- 
cedure. One modification of this method 
was adopted as the official method for the 
assay of penicillin and is described in the 
Federal Register for Septembers, 1945, page 
11478. Furtlier study led to the modifica- 
tion of this assay (Federal Register, June 
IS, 1946, page 3080). Both of these assay 
techniques have been used in the studies 
reported herein. ' 

Several chemical methods have been pfo= 
posed for the assay of penicillin. Of these 
tlie following have been investigated in this 
laboratorj'"; The colorimetric method pro- 
posed b}' Scudi (4), the penicillinase method 
(5), the alkali inactivation and the H2OS 
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inactivation methods proposed by the Chas. 
Pfizer and Company laboratories (6)i the 
spectrophotometric method proposed by 
Herriott (7), and the iodometric method 
proposed by the Squibb Institute for Medi- 
cal Research (8). The penicillinase method 
and the iodometric method with some modi- 
fication seem to give the most consistent 
results when applied to commercial penicil- 
lin products from all manufacturers. Other 
proposed methods as yet not studied in this 
laboratory are a colorimetric method pro- 
posed by Bristol Laboratories, Inc. (9), 
and the ninhydrin method (10). This 
paper is concerned with the results obtained 
by the penicillinase and the iodometric 
methods as compared with the results of the 
two oflScially adopted procedures referred to 
above. 

EXPERIMENTAL 

The Penicillinase Method. — The penicillinase 
method was developed by Murtaugh and Levy (5). 
This method is based on the observation of Foster 
(11) that acid is produced when penicillin solutions 
are inactivated by penicillinase. Because buffers 
in the solution interfere mth the precise determina- 
tion of the end point, a highly purified penicillinase 
preparation is needed. McLuarrie, Liebman, 
Kluener, and Venosa (12) reported the preparation 
of such an enzyme which is suitable for use in this 
assay. 

The product of the inactivation of the penicillin 
is presumed to be penicilloic acid which has the 
formula : 

/\ 

R-CO-NH-CH CH C-(CHj), 

I I I 

COjH NH CH • COiH 

where R is one of the characterizing groups pre- 
viously listed. The carboxyl group attached to the 
thiozolidine ring is identical with the acidic group of 
penicillin. The other carboxyl, produced by the 
hydrolysis of the penicillin molecule, is the one 
measured in the titration. The hydrolysis takes 
place at the same point in the molecule in all four 
types of penicillin. The penicillinase method will 
therefore give the same value for equimolecular 
quantities of the four penicillins. This has been 
verified by assaying weighed samples of the crystal- 
line penicillins which were available and results 
are shown in Table I. 

Ten weighed samples of a uniform mixture of 
sodium sulfate and sodium penicillin G having a 
potency of 370 units/mg. were dissolved in water 
and diluted to 25 ml. Aliquots of each of these 


Table I. — Recovery of Crystalline Penicil- 
lins BY THE Penicillinase Assays® 



v/t. 

Wt. Re- 

% 


Assayed, 

covered, 

Re- 

Sample 

Mg. 

Mg. 

covery 

Sodium Penicillin G 

5.82 

5.77 

99.1 


3.31 

3.35 

101.2 

* 

9.38 

9.26 

98.7 


7.57 

7.53 

99.6 

Sodium Penicillin F, 

175-E-ANWF 

4.54 

4.83 

106.3 


5.68 

5.90 

103.9 


8.60'' 

8.08 

94.0 

Sodium Penicillin X. 

NRRL 1625-7A 

6.08 

0.27 

93.9 


0.68 

0.24 

93.3 


7.34'' 

0.64 

90.5 

New Penicillin from 
culture X1612 

(calculated as K) 

4.24 

4.16 

98.1 


5.30 

5.04 

95.1 


° The penicillinase used in this work was contributed by 
the Schenley Research Institute. 

* Assays made 8 months later than the other assays re- 
ported. 

solutions .were taken for duplicate cup-plate and 
penicillinase assays. The cup-plate assays reported 
in Table II were obtained by use of the assay de- 
scribed in the Federal Register for September 8, 
1945. 


Table II. — Comparison of the Penicillinase 
Assay and the Cup-Plate Assay Using a Sample 
OP Sodium Penicillin G Diluted with Sodium 
Sulfate 


Mg. of 

Units of 

Units/Mg. 
by Peni- 

Units/Mg. 

Mixture 

PemcilHn 

cillinase 

by 

Titrated 

Found® 

Assay® 

Btoassay 

36.8 

13,450 

365 

396 

38.0’ 

13,450 

365 

366 

13,900 

366 

300 


13,760 

362 

329 

38.4 

14,200 

370 

370 


14;200 

370 

374 

39.8 

14,600 

367 

381 


14,600 

367 

366 

36.8 

13,700 

372 

426 


13,850 

376 

322 

40.2 . 

15,350 

382 

337 


15,050 

374 

411 

42.8 

15,350 

359 

366 


16,000 

3?5 

374 

41.7 

15,200 

365 

340 


15,350 

368 

340 

37.9 

13,750 

363 

359 


14,200 

376 

396 

38.2 

14,100 ■ 

369 

315 


13,850 

363 

355 


Av. 

369 

361 

Standard Deviation 

...5.5 

31.6 

Standard Deviation % 

...1.5 

8.8 


“ Calculated on the basis of 16G7 units/mg. 


This data shows that for sodium penicillin G the 
penicillinase and the cup-plate methods give essen- 
tially the same values when a sufficiently large 
number of cup-plate assays are made. The peni- 
cillinase method is subject to less variation than the 
bioassay. 
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The lodometric Method. — ^Although the penicU- 
Unase method is well suited for the detenninatioa of 
penicillin in ampuls, a cumbersome extraction is re- 
quired prior to the inactivation treatment when buf- 
fered tablets are encountered. In addition analyses 
on ointments or troches of low penicillin content are 
somewhat awkward. 

The iodometric method proposed in this paper 
stems in part from the observations of the Eli Lilly 
Laboratories (13) and in part from an iodometric 
procedure suggested by the Squibb Institute of 
Medical Research (8). The former concluded that 
sodium penicillin as such is not oxidized by iodine 
at any pH; that the iodine oxidation of sodium 
penicilloate G or the esters of penicilloate G is 
probably limited to 9.0 equivalents of iodine per 
mole. A consumption of 8.5-8.9 equivalents was 
found by actual experimentation. The latter group, 
in agreement with the results of the Lilly Labora- 
tories, decided that 2.52 ml. of 0.01 jV I; solution 
was consumed by the alkaline inactivation product 
of one milligram of crystalline sodium penicillin G 
and suggested the conditions for assay. 

After consideration of the above information, it 
was apparent that several time-rate and recovery 
studies were necessary for the establishing of a fixed 
procedure. These were carried out at a room tem- 
perature of approximately 23 
Rate of Alkaline Inactivation. — Four-milliliter 
aliquots of a standard solution of crystalline sodium 
penicillin G (0.6037 mg./ml.) w'ere added to each of 
six iodine flasks and 4 ml. of 1.0 N NaOH added. 
Inactivation was allowed to proceed for varying 
periods of time subsequent to which 4 ml. of 1.1 Af 
HCl were added to each flask along with 10 ml. of 
0.01 A' Ij solution and each permitted to stand for 
thirty minutes prior to titration with 0.01 A' Naj- 
SjOj. 

Rate of Iodine Consumption. — Four-milliliter 
aliquots of a standard solution of crystalline sodium 
penicillin G (0.6849 mg./ral.) were added to each of 
eight iodine flasks and 4 ml. of 1.0 N NaOH added 
and the solution allowed to stand for fifteen min- 
utes. Four milliliters of 1.1 jV HCl and 10 ml. of 
0.01 N I- solution were then added and time for I- 
consumption was varied from five to forty minutes. 


Table III. — Rate of Alkaline Inactivation 



No. Min. 
for 

Alkaline 

Ml. 

0.01012 .V Ij 

% 

No. 

Inactivation 

Consumed® 

Recovery 

1 

5 

5.85 

97.3 

2 

10 

6.00 

99.7 

3 

15 

6.05 

100.5 

4 

20 

6.05 

100.5 

5 

25 

5.95 

99.0 

6 

30 

6.05 

99.7 


® The titration of the blank was 9.59 ml. 0.01012 jV Ij. 


It is apparent from the above data that ten to 
fifteen minutes affords complete inactivation under 
the prescribed conditions. 


Table IV. — Rate of Iodine Consujiption 


No. 

Time in 
Minutes 
for Ij 

Consumption 

Ml. 

0.01012 N Ij 
Consumed 

% 

Recovered 

1 

5 

5.75 

98.3 

2 

10 

5.77 

98.6 

3 

15 

5.82 

99.4 

4 

20 

5.80 

99.1 

5 

25 

5.82 

99.4 

6 

30 

5.79 

99.0 

7 

35 

5.80 

99.0 

8 

40 

5.82 

99.4 


It appears from Table IV that the reaction be 
tween the inactivation produM of penicillin and 
iodine is very rapid, being complete in fifteen min- 
utes. 

Finally, it was desirable to ascertain the mini- 
mum excess iodine required during the reaction for 
optimum results. For this purpose 3-ml. aliquots 
of crystalline penicillin G (0.9004 mg./ml.) were 
added to each of 11 iodine flasks, inactivated with 
3 ml. of 1.0 At NaOH for fifteen minutes, 3 ml. 
of the hydrochloric acid solution, and varying 
amounts of iodine added. A blank titration was 
made for each determination. The data arc pre- 
sented in Table V. 

Examination of the tabulation below reveals 
the need of a 25% minimum e.xcess of available 
iodine in order to achieve a 98% recovery. The 


Table V. — Detershnation of the Minisium Excess Iodine Required 


Titer After 


Exptl. 

Ml. 

Ml. 0.01014 

JV NaiSiOi 

Inactivation, 
0.01014 JV 

Ml. Ij 
(0.00970 jV) 


% 

No. 

0.00970 JV h 

Blank 

NajSjOj 

Consumed 


Recovery 

1 

6.0 

5.65 

0.0 

>5.91 

. . . 


2 

6.5 

6.10 

0.02 

6.36 

0.815 

96!6 

3 

7.0 

6.70 

0.28 

6.71 

0.861 

95.7 

4 

7.5 

7.15 

0.71 

6.73 

0.864 

95.9 

5 

8.0 

7.64 

1.15 

6.78 

0.872 

97.0 

6 

9.0 

8.64 

2.05 

6.89 

0.884 

98.2 

7 

10.0 

9.60 

2,98 

6.92 

0.888 

98.6 

8 

12.5 

11.90 

5.22 

6.98 

0.890 

99.5 

9 

15.0 

14.61 

7.87 

7.06 

0.90G 

100.3 

10 

20.0 

19.71 

12.60:. 

7.22 

0.927 

102.6 

11 

30.0 

29.39 

22.66 

7.04 

0.903 

100.1 
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following method, based on these observations, w'as 
developed for assaying ampuls of penicillin. 

Reagents: 

1. 0.01 i\r Iodine Solution 

2. 0.01 N Sodium Thiosulfate 

3. IN Sodium Hydroxide 

4. 1.1 i\t Hydrochloric Acid 

5. 1% Starch Solution 

6. C. P. Carbon Tetrachloride 

Method. — Place 5 ml. aliquots of a solution con- 
taining penicillin in a concentration of about 0.6 
mg./ml. (1000 units/ml.), in each of two iodine 
flasks. To one add an equal quantity of 1 N NaOH 
and permit to stand at room temperature for fifteen 
minutes, and then add 5 ml. of the 1 N HCl and 15 
ml. of 0.01 N h. After fifteen minutes titrate the 
excess iodine with 0.01 N sodium thiosulfate, ap- 
proaching the endpoint with an occasional drop of 
1% starch solution as an indicator and completing 
the titration after the addition of about 5 ml. 
CC1(. The latter is particularly advantageous for 
colored solutions. To the second flask add 15 ml, 
of the 0.01 N I 2 solution and titrate immediately 
for the "blank determination.” Difference in 
titers -5- 2.52 = mg. penicillin. 

It was known that iodometric titrations are more 
reproducible when carried out at a low pH level 
(pH 2 to 3). Advantage was taken of this fact by 
using a solution of hydrochloric acid which was 
approximately 0.1 of an equivalent stronger than 
the alkali used for inattivation. However, for the 
blank determination, no adjustment of the pH was 
attempted since this would result in the formation 
of some degradation products which in turn would 
react with iodine and yield a correspondingly low 
value for penicillin potency. It should be noted 
that among the required reagents only the normality 
of the sodium thiosulfate solution is critical. 

The iodometric assays of various concentrations 
of different batches of crystalline sodium penicillin 
G are presented in Table VI. 


Table VI. — Assay of Different Batches of 
Crystalline Sodium Penicillin G 


No. 

Concentrations 

Used, 

Mg./Ml. 

% 

Recovery 

MI. 

0.01 N It, 
Mg. 

1 

2-66 

101.2 

2.55 

2 

0.6004 

99.0 

2.49 

3— 

""‘5:-024 

100.3 

2.53 - 

4 

0.6016 

99.9 

2.52 

5 

2.999 

101.6 

2.56 

6 

3.001 

101.0 

2.54 

7 

2.999 

100.8 

2.54 


The average of the above data indicates that 2.53 
ml. of 0.01 N iodine solution corresponds to ibne 
milligram of sodium penicillin G. This is in good 
agreement with the 2.52 average reported by the 
Squibb group. The latter value is used for the basis 
of the calculations in this report. . .. 

. A few samples purported to be salts of penicillins 
F, X, and K were received by this laboratory and 


previously described under the penicillinase method. 
These were subjected to the iodometric assay and 
preliminary results indicate that a similar number 
of equivalents of iodine react with equimolecular 
quantities of the respective penicilloates resulting 
from alkaline inactivation. Although the Squibb 
group suggested that penicillin X might give ab- 
normally high values, the results in this laboratory 
do not bear out this opinion. 

For the sake of brevity. Table VII exhibits only 
a few of the typical comparative data obtained for 
commercial vials of penicillin salts utilizing the 
Iodometric, the Penicillinase, and the Bioassay 
methods on the same ampul. The bioassay tech- 
nique used was that described in the Federal Regis- 
ter for September 8, 1945. Each capital letter rep- 
resents a different commercial source. 


Table VII. — Comparative Data on Commercial 
Vials 



% Recovery Based 

on Manufacturer’s Claim 

Manufacturer Penicillinase® Iodometric® 

Bioassay 

A 


121 

126 

134 



110 

109 

111 



104 

104 

100 

B 


113 

113 

118 



94 

95 

94 



93 

91 

96 

C 


109 

102 

no 



113 

114 

109 



116 

117 

117 

D 


99 

99 

90 



106 

107 

115 



109 

108 

95 

E 


101 

99 

111 



97 

95 

106 



96 

93 

109 

F 


124 

123 

no 



107 

107 

119 



107 

no 

125 

G 


103 

102 

113 



103 

101 

98 



106 

101 

98 

H 


104 

104 

122 



103 

103 

108 



104 

102 

117 

I 


98 

99 

105 



94 

90 

93 



97 

100 

100 

J 


92 

93 

90 



95 

99 

99 


° Calculated on the basis of 1667 units/mg. 


The above results exhibit good_ agreement be- 
tween the chemical methods. The recovery data 
in each case are based on the claims of the respec- 
tive manufacturer. 

The adoption of an improved bioassay technique 
(Federal Register, June 18, 1946) made a compari- 
son of the results of this method and of the chemical 
methods desirable. For this purpose thirty samples 
of crystalline penicillin G, accurately weighed and 
varying between 25.5 mg. and 34.5 mg., .were diluted 
separately to 50 cc. One analyst made duplicate 
penicillinase assays using 10-ml. aliquots of each 
'StJlution; another analyst made duplicate iodo- 
metric assays using 5-ml. aliquots; and the Control 
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Table VIII. — Comparative Assays of Crystal- 
line Penicillin G 


Weight 
of Pent- 

Of r» 


CUUu, 

Mg. Pemdllinase Iodometric 

Bioassay 

(1)A 32.58 

102.4 

97.3 

99.9 

B 

101.7 

97.5 

94.8 

(2)A 28.13 

102.9 

99,5 

95.8 

B 

97.9 

99.4 

94.2 

(3) A 30.26 

101.7 

97,7 

95.2 

B 

101.3 

97,3 

98.1 

(4) A 26.85 

104.9 

98.0 

93.8 

B 

103.7 

97.7 

100.5 

(5)A 32.58 

102.3 

97.4 

92.2 

B 

99.9 

97.4 

97.4 

(6) A 33.47 

100. S 

99.3 

97.7 

B 

97.8 

99.8 

102.2 

(7)A 29.97 

99.7 

98.8 

96.6 

B 

99.4 

100.0 

96.0 

(8) A 27.01 

99.6 

99.2 

101.0 

B 

99.6 

99.5 

98.0 

(9)A 31.05 

97.9 

97.4 

99.0 

B 

99.5 

99.1 

93.7 

(10)A 30.00 

96.2 

100.3 

99.0 

B 

98.3 

100.7 

99.0 

(11)A 34.18 

99.8 

100.0 

92.1 

B 

100.4 

100.2 

92.1 

(12) A 26.23 

100.4 

100.3 

106.3 

B 

102.2 

100.9 

105.2 

(13) A 25.81 

99.8 

99.1 

. 98.8 

B 

100.3 

99.6 

98.8 

(14) A 33.96 

100.3 

99.9 

94.8 

B 

100.1 

100.8 

94.5 

(15)A 32.07 

98.6 

99.4 

93'. 6 

B 

99.2 

100.2 

92.6 

(16) A 30.00 

100.2 

101.1 

98.0 

B 

99.2 

100,8 

98.0 

(17) A 27.56 

100.0 

101.7 

103.4 

B 

100.7 

101.4 

103.4 

(18)A 25.95 

98.8 

101.5 

111.0 

• B 

99.0 

101.7 

109.8 

(19) A 25.94 

99.6 

101.5 

104.1 

B 

99.8 

100.0 

105.2 

(20) A 34.33 

98,8 

98.5 ■ 

90.0 

B 

98.8 

98.9 

94.4 

(21)A 34.37 

99.9 

100.0 

99.5 

B 

99.5 

100.1 

99.5 

(22) A 34.36 

100.7 

100.6 

97.8 

B 

99.0 

100.7 

96.0 

(23) A 25.95 

99.1 

100.5 

104.0 

B 

99.6 

100.8 

91.3 

(24)A 25.95 

98.3 

99.3 

102.9 

B 

99.0 

99.2 

105.2 

(25) A 30.00 

99.1 

• 100.6 

98.5 

B 

98.4 

100.4 

97.5 

(26) A 28.25 

97.9 

100.8 

93.4 

B 

99.3 

100.4 

101.9 

(27) A 26.46 

100.7 

100.9 

97.5 

B 

100.3 

100.1 

95.2 

(28)A 32.89 

97.7 

100.4 

96.7 

B 

97.7 

100.0 

94.8 

(29)A 32.16 

98.9 

101.9 

96.1 

' B 

99.0 

99.8 

95.6 

(30)A 27.10 

100.6 

101.3 

98.5 

B 

99.8 

100.8 

100.7 

Av. 

99.80 

99.82 

98.20 


Standard Devia- 
tion % from 


the mean 
Standard Devia- 

1.5 

1.2 

4.4 

tion % from 
the known 




weight 

1.5 

1.2 

4.S 


Laboratory of the Dmsion of Penicillin Control & 
Immunology made duplicate assays by the bio- 
assay method referred to above on aliquots of the 
solutions. The analysts were not told the e-vact 
weight of material in the sample until their results 
were completed. The last ten solutions from sam- 
ples 26 to 30 were marked so that the analyst did 
not know which pair were duplicates. The results 
of this study are tabulated in Table VIII. 

In the iodometric titration of samples 1 to 5, 
inclusive, 10 ml. of 0.01 iV iodine (representing an 
excess of about 25%) were used. In samples 6 to 
30, inclusive, 15 cc. of iodine solution (representing 
an excess of about 100%) were used. The improved 
recoveries due to the use of the larger excess of io- 
dine solution are obvious. 

DISCUSSION 

The results of the bioassay techniques are 
determined in units of penicillin, where the 
solution under investigation is compared 
with a standard penicillin G solution. Un- 
less the proportion of each of the four types 
of penicillin in the preparation is known, 
these results cannot be accurately converted 
to a weight basis. The results of the chemi- 
cal methods used in this study are most ac- 
curately expressed in milliequivalent weights 
of penicillin without any reference to the 
type of penicillin involved . Since the molecu- 
lar weights of the various known penicillins 
are of the same order, little error is to be an- 
ticipated by converting the results from 
milliequivalent weights to ' milligrams by 
multiplying by the average of the molecular 
weights of tlie four penicillins. 

Without a knowledge of the proportions 
of the four penicillins present, however, the 
results of the chemical assay cannot be ac- 
cmately translated to the unit basis. Since 
the results of the bioassay and chemical as- 
says of a preparation of unknown composi- 
tion cannot be expressed accurately in the 
same terms, any comparison of the accu- 
racy of the two methods must be made on 
material of known composition. For this 
reason the standard deviations of various 
results were calculated only for those stud- 
ies in which penicillin G was the only anti- 
biotic present. 

As sliown in Table II, tlie standard devia- 
tion from the mean for the bioassay de- 
scribed in tlie Federal Register, September 
S, 1945, was found to be 8.8%. Results in 
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Table VIII show standard deviations of 
4.4% from the mean and 4.8% from the 
known weight when the bioassay described 
in the Federal Register, June 18, 1946, was 
used . The same tabulations show a standard 
deviation from .the mean and from the 
known weight of 1.5% for results by the peni- 
cillinase method and a standard deviation 
of 1.2% for the results of iodometric titra- 
tion. 

A comparison of the two chemical meth- 
ods shows that each has certain inherent 
advantages and disadvantages. The peni- 
cillinase method requires the use of special 
equipment and is difidcult to apply to some 
dosage forms of penicillin. While no de- 
tailed study has been reported on the action 
of penicillinase, it is safe to assume that it, 
like other enzymes, is highly specific and a 
method based on its action would be specific 
for penicillin. The iodometric method has 
the advantage of requiring no special ap- 
paratus or reagents. It has been success- 
fully applied to most dosage forms thus far 
studied and in all probability can be adopted 
for use in other dosage forms. It is not 
specific for penicillin, however, and, in the 
absence of information on the composition 
of the sample, might require a supplemen- 
tary analysis by the penicillinase method or 
a crystallographic study. 


We hope, through a collaborative study 
with a number of manufactmers of penicillin 
to extend this comparison of the accuracy 
and reproducibility of the results by bio- 
assay and by iodometric titration. 


SUMMARY 


A number of chemical methods for the 
assay of penicillin have been studied. The 
results by two of the methods, the penicilli- 
nase method and the iodometric titration, 
have been compared with the results of the 
bioassay. The standard deviation of the 
data obtained by chemical assay was to 
*/3 the standard deviation of the results of 
the bioassay. Of all of the chemical meth- 
ods tested, the authors prefer the iodometric 
titration for the determination of penicillin. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and 
Dearborn Streets, Chicago, 111., seeks information on sources of supply for the following chemicals: 


2,3-Dihydroxyanthraquinone 

1- Phenyl-3-methyl-5-chloropyrazol 
Cinchophen amyl ester 

933F (2-Piperidinomethyl-l,4'benzodioxan) 
883F (2-Diethylaminoethyl-l,4-benzodioxan) 
Crystalline trypsin 

2- Phenylbenzopyrone 
5,7-Dihydroxy-2-phenylbenzopyrone 
2,2'-Dihydroxy-5,5'-dibromobenzil 
2,2'-Dihydroxy-3,3',5,5'-Tetrachlorobenzil 
d-Camphor 

/-Menthol 


3-Chlorotetrahydrofuran 

1.1.2.3- Tetrachloroisobutane 

1.1.1 .2.3- Pentachloroisobutane 

1.1.3- Trichloro-2-methyl-l-propene 
3-Amino-2,4-dimethylbenzoic acid 
2-Methyl-l,3-propylene glycol 

1.3- Pentanediol 
2-Methyl-l,2-butylene glycol 

2- Methyl-l, 3-butylene glycol 
Pulegone 

Thujone 

3- Hexen-l-ol 
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Pharmaceutical Applicatious of Isopropyl Alcohol. 
1. As a Solvent in Pharmaceutical Manufacturing* •• -^ 

By HENRY M. BURLAGEt and DORIS BULLARD HAWKINS 


Ten galenical preparations ofiSciai in the U. 

S. P. XII and the N. F. VII were prepared 
with ethyl alcohol and with isopropyl alcohol. 
Tables of comparison of the specific gravity, 
pH, color, odor, taste, changes on standing, 
and total extractive of the preparations were 
compiled. 

INTRODUCTION 

Tsopropyl alcohol, dimethyl carbinol, 

secondary propyl alcohol, CHj — 
CHOH — CHa, was first prepared by Berthe- 
lot in 1855 by the reaction of propylene with 
sulfuric acid and subsequent hydrolysis of 
the sulfuric acid esters (1) . In 1862, Friedel 
prepared the alcohol fay the reduction of 
acetone (2). Kolbe, in the same year, 
recognized in isopropyl alcohol the first of 
the class of secondary alcohols (3). From 
1893 to 1900, studies on the compound were 
made by Zouboff (4), Heinrich (5), and 
Tischtschenko (6). Others followed in 1904 
(7), 1906 (8), 1907 (9), 1909 (10), 1910 (11), 
1917 (12), 1920 (13), and 1921 (14, 15). 

The first use of the compound in cosmetics 
appears to have been in 1921 (16). In 
1922, the alcohol and glycol were used in 
the preparation of extracts as a substitute 
for ethanol (17) and in the same year its 
pharmacology and applications as a solvent 
and vehicle were studied (18). Bernhardt 
in 1922 (19) proposed its use to replace 
ethyl alcohol in similar concentrations as a 
disinfectant for the hands. In 1923 the 
solubilities of certain essential oils in this 
alcohol were reported (20). It was also 
recommended in 1926 for use on the skin 
and clothing (21). 

In 1927 and 1928 (22), pharmaceutical 
applications of the alcohol were reported and 
Schamelhout’s investigations (23) suggested 


* Received Sept. 4, 1940, from the University of North 
Cnrolina School of Pharmacy, Chapel Hill, N. C. 

Presented to the Scientific Section of the A. Pn. A., IHtts- 
burgh meeting, 1946. 

t A portion of a thcas submitted as partial fulfillment of 

•• *' *’■" ''.S. Degree, School of Pharmacy, 

, ■ ■ I ' ■ la. 

1 ■ ■ ■ School of Pharmacy, University 


that this compound, because of its similar 
properties, might be used as a substitute 
for ethanol in the determination of acid 
numbers, saponification values of fats, oils, 
and balsams, and in other tests. In 1938, 
Ducommun (24) showed that in using a 
mixture of acetone, isopropyl alcohol, and 
water in preparing extracts of Cinchona, 
Belladonna, Nux Vomica, Rhubarb, and 
Gentian, the active principles were more 
rapidly extracted than with ethyl alcohol. 
In 1938, it was used as a solvent in place of 
ethanol in preparing certain diy extracts of 
the Swiss Pharmacopoeia with similar or im- 
proved results (25). 

In 1943, its lauric, myristic, and palmitic 
acid esters were suggested for use as carriers 
in cosmetic creams, medicaments, perfumes, 
and flavors (26). In 1944, Lehman and his 
co-workers (27), using secondary propyl 
alcohol, prepared Tincture of Digitalis of 
equivalent or greater potency than one 
made with the official menstruum. In the 
preceding year its use in hand soaps (28) and 
in Liniment of Soft Soap and Liniment of 
Camphor and Soap was recommended (29). 
Harris, in his studies on Tincture of Iodine, 
found that isopropyl alcohol as a solvent 
yields a product equal to the official prepa- 
ration in iodine content and antispetic ac- 
tion (30). 

Isopropyl alcohol possesses a lower sur- 
face tension, a greater fat solvent action, a 
more rapid killing power on many organ- 
isms, is less expensive than ethyl alcohol, 
and is free from taxation. It has been 
recommended for use in the preparation of 
extracts where the solvent is evaporated, 
in the production of tablet granulations, 
in pharmaceutical preparations for e.xtemal 
use, in diagnostic stains, and in addition 
has been recently accepted for inclusion in 
the National Forraular}’-. Therefore a study 
of its value as a menstruum and solvent in a 
number of offidal preparations was under- 
taken. 
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As a basis for the selection of the prepara- 
tions to be studied, ten which ranked high 
in frequency of use in a prescription survey 
recently conducted by Bxurlage (31) were 
chosen . These included : 

Tincture of Nux Vomica U. S. P. XII. 

Tinctme of Belladonna U. S. P. XII. 

Tincture of Stramonium U. S. P. XII. 

Tincture of Hyoscyamus U. S. P. XII. 

Camphorated Tincture of Opium U. S. P. 
XII, First Supplement. 

Aromatie Fluidextract of Cascara Sagrada 
U. S. P. XII. 

Elixir of Terpin Hydrate N. F. VII. 

Elixir of Terpin Hydrate with Codeine 
N. F. VH. 

Compound Tincture of Cardamon U. S. P. 
XH. 

Elixir of Phenobarbital U. S. P. XII, 
First Supplement. 

Elixir of Three Bromides N. F. VII. 

Aromatic Spirit of Ammonia U. S. P. 
XH. 

Compound Elixir of Pepsin N. F. VII. 

Elixir of Iron, Quinine, and Strychnine 
N. F. VII. 

Elixir of Five Bromides N. F. VII. 

Aromatic Elixir U. S. P. XII. 

Fluidextract of Cascara Sagrada U. S. P. 
XII. 

All products except Aromatic Elixir were 
prepared by ofiBcial procedures. Aromatic 
Ehxir was manufactured by Shiflett’s method 
(32), which the authors have found to be 
more satisfactory than the pharmacopoeia! 
procedure. 

In making these preparations it was found 
that the following made from isopropyl 
alcohol, filtered more rapidly than those 
prepared from ethanol : Camphorated Tinc- 
ture of Opium, Elixir of Terpin Hydrate, 
Compound Tincture of Cardamom, and 
Ehxir of Three Bromides; and much more 
rapidly: Aromatic Elixir and Elixir of Five 
Bromides. 

It was also observed that terpin hydrate 
dissolved very slowly in isopropyl alcohol 
and readily in ethanol; that phenobarbital 
was slightly less readily soluble in isopropyl 
alcohol than in ethyl alcohol. 

EXPERIMENTAL 

Physical Constants and Properties of the Products 

Specific Gravity. — This constant was determined 
with a Mohr-Westphal balance at 25° and the values 
are reported in Table I. 


Values. — ^These were determined with a 
Coleman Electrometer and are reported in Table II. 

Physical Properties. — The physical properties 
studied included (a) color of the freshly prepared 
products (Table III), (6) color of the products after 
storage of nine months or more (Table IV), (c) 
odor (Tabic V) , and (d) taste (Table VI) . 

Determination of Total Extractive 

The total extractive of the preparations made by 
maceration and percolation was determined in the 
following manner : 

Measure 100 cc. of the preparation by means of a 
transfer pipette into a tared glass evaporating dish 
which has been previously heated to constant weight 
in the oven. Allow the sample to evaporate and 
dry in the air until consecutive weighings vary less 
than 10 mg. Heat the sample in an oven at 100° 
for one hour, place in a desiccator for one-half hour 
and weigh. Repeat the application of heat for 
one-half hour, cooling and weighing, until a con- 
stant weight, varying not more than 0.5 mg. per 
gram of sample taken, is obtained. These values 
are shown in Table VII. 

It will be noted that the values are less in the 
case of Tinctures of Belladonna, Hyoscyamus, and 
Nux Vomica, using the isopropyl alcohol in the 
menstruum, and noticeably higher in the case of 
Tincture of Stramonium, Camphorated Tincture of 
Opium, Compound Tincture of Cardamom "and 
Aromatic Fluidextract of Cascara Sagrada, using 
the same alcohol. 

Assays 

AU of the tinctures prepared were assayed by the 
official procedures. In addition. Tincture of Nux 
Vomica was assayed by the procedure proposed by 
Burlage and La Rocca (33) whereby the strychnine 
is separated from the brucine by means of an ad- 
sorption column. These values are shown in Table 
VIII. 

The tinctures of Nux Vomica which are not de- 
fatted give lower results than the defatted ones by 
the U. S. P. XII method. This is probably due to 
the formation of emulsions in the extractions. 
These emulsions were more frequent, more stable 
and troublesome in . working with samples in which 
isopropyl alcohol was used, and were obtained even 
with the defatted tinctures. The undefatted tinc- 
tures assayed by the chromatographic procedure, 
yielded higher values than- the defatted tinctures 
because all of the fatty material was not removed by 
the adsorption column, thus permitting a probable 
reaction with the standard alkali. 

Isopropyl alcohol yields a tincture of stramonium 
containing a surprisingly large amount of extrac- 
tive, but low in total alkaloidal content. It is 
possible that this low value is due to an interference 
of some constituent(s) contained in the large 
amount of extractive. 
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Table I. — Specific Gravities of the Preparations and Their Solvents 



Specific Gravity of 
Solvent at 25® 

Iso- 


Specific Gravity 
at 25® 

Iso- 

Increase or Decrease 

Solvent 

Ethyl 

propyl 


Ethyl 

propyl 

Ethj-l 

Isopropyl 

Concentration 

Alcohol 

Alcohol 

Preparation 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol: Water, 3:1 

0.882 

0.867 

Tincture of Belladonna 

0.891 

0.874 

0.009 

0.007 

Alcohol : Water, 3:1 

0.882 

0.867 

Tincture of Hyoscyamus 

0.889 

0.863 

0.007 

-0.004 

Alcohol : Water, 3:1 

0.882 

0.867 

Tincture of Stramonium 

0.892 

0.866 

0.010 

-0.001 

Alcohol: Water, 3:1 

0.882 

0.867 

Tincture of Nux Vomica"’ 

0.890 

0.870 

0.008 

0.003 

Diluted Alcohol: 
Glycerin, 100:1 

0.938 

0.930 

Camphorated Tincture 
of Opium 

0.965 

0.938 

0.027 

O.OOS 

Diluted Alcohol: 
Glycerin. 19:1 

0.939 

0.944 

Compound Tincture of 
Cardamom 

0.958 

0.939 

0.019 

-0.005 

Alcohol : Water, 1:4 

0.977 

0.975 

Aromatic Fluidextract 
of Cascara Sagrada 

1.112 

1.119 

0.135 

0.144 

Alcohol : Water, 1:4 

0.977 

0.975 

Fluidextract of Cascara 
Sagrada 

1.073 

1.081 

0.096 

0.106 




Elixir of Phenobarbital 

1.160 

1.160 



' ... 



Compound Elixir of 
Pepsin 

1.055 

1.056 






Elixir of Terpin Hydrate 

1.069 

1.077 






Elixir of Terpin Hydrate 
with Codeine 

1.067 

1.070 






Elixir of Three Bromides 

1.249 

1.25S 






Aromatic Elixir 

1.087 

1.083 






Elixir of Five Bromides 

1.284 

1.301 






Aromatic Spirit of 
Ammonia 

0.898 

0.875 






Elixir of Iron, Quinine 
and Strychnine 

1.084 

1.097 




® The specific gravity of the ethyl alcohol, hydrochloric add, and distilled water used as a solvent in Tincture of Nux Vomica 
was 0.883; the isopropyl alcohol, add, and distilled water mixture had a spedfic gravity of 0.877. 


Table II. — of the Preparations and Their 
Solvents 



I’H. 

Ethyl 

Iso- 

propyl 

pH of Solvent 
. Iso- 

Ethyl propyl 

Preparations 

Alcohol Alcohol Alcohol Alcohol 

Tincture of Belladonna 

5.55 

5.28 

6.05 

5.85 

Tincture of Hyoscy- 
amus 

5.55 

5.36 

6.05 

5.85 

Tincture of Stramon- 
ium 

5.65 

5.40 

6.05 

5.85 

Tincture of Nux 
Vomica"’ 

1.78 

1.74 

0.95 

0.98 

Camphorated Tincture 
of Opium 

3.95 

4.05 

6.15 

6.05 

Compound Tincture of 
Cardamom 

5.30 

5.10 

5.95 

6.80 

Aromatic Fluidextract 
of Cascara 

7,80 

7.05 

6.25 

6.05 

Fluidextract of Cascara 
Sagrada 

4.60 

4.78 

6.25 

6.05 

Elixir of Phenobarbital 

4.60 

4.70 



Compound Elixir of 
Pepsin 

4.30 

4.20 


•• 

Elixir of Terpin Hy- 
drate 

5.25 

4.85 



Elixir of Terpin Hy- 
drate with Codeine 

6.80 

6.85 



Elixir of Three Bro- 
mides 

3.36 

3.41 



Aromatic Elixir 

4.36 

4.35 



Elixir of Five Bromides 

3.75 

3.70 



Aromatic Spirit of Am- 
monia 

9.40 

9.40 



Elixir of Iron, Quinine, 
and Strychnine 

3.45 

3.34 


• • 


® The given above as the solvent for Tincture of Nux 
Vomica was the add* alcohol mixture used. 


Table III. — Physical Properties op the Prep- 
arations — Color 


Preparations 


Color, Color, 

Ethyl Isopropyl 

Alcohol Alcohol 


Tincture of Bella- 
donna 

Tincture of Hyo- 
scyamus 

Tincture of Stra- 
monium 

Tincture of Nux 
Vomica 

Camphorated Tinc- 
ture of Opium 

Compound Tincture 
of Cardamom 

Aromatic Fluidex- 
tract of Cascara 
Sagrada 

Fluidextract of Cas- 
cara Sagrada 

Elixir of Pheno- 
barbital 

Compound Elixir of 
Pepsin 

Elixir of Terpin Hy- 
drate 

Elixir of Terpin Hy- 
drate with Codeine 

Elixir of Three Bro- 
mides 

Aromatic Elixir 

Elixir of Five Bro- 
mides 

Aromatic Spirit of 
Ammonia 

Elixir of I„ Q., and 
S. 


Dark greenish 
black 

Dark greenish 
black 

Dark greenish 
black 

Clear deep 
amber 

Clear brown 

Dark red 

Dark brown 

Dark brown 

Bright red, 
cloudy 

Clear bright 
red 

Pale straw 

Pale straw 

Clear bright 
red 

Colorless 

Clear dark 
brown 

Clear yellow 

Clear bright 
green 


Dark greenish 
black 

Dark greenish 
black 

Dark greenish 
black 

Clear deep 
amber 

Clear brown 

Dark red 

Dark brown 


Dark brown 

Clear bright 
red 

Clear bright 
red 

Straw 

Straw 

Clear bright 
red 

Colorless 

Clear dark 
brown 

Clear yellow 

Clear bright 
green 
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Table VII. — ^Total E.xtractive in the Preparations 


Total Extractive, 
Gm./lOO Cc. 


Preparations 

Ethyl 

Iso> 

propyl 

Description of Residue 

Alcohol 

Alcohol 

Ethyl Alcohol 

Isopropyl Alcohol 

Tincture of Belladonna 

2.4974 

2.4112 

Dark green 

Black 

Tincture of Hyoscyamus 

1.8206 

1.4379 

Light brown 

Dark brown-green 

Tincture of Stramonium 

0.3727 

2.5359 

Green-brown 

Dark brown 

Tincture of Nux Vomica 

1.7423 

1.6859 

Brown 

Brown 

Camphorated Tincture of Opium 

8.1509 

8.4052 

Brown 

Brown 

Compound Tincture of Cardamom 

5.8649 

6.7965 

Deep red oily liquid 

Deep red oily liquid 

Aromatic Fluidextract of Cascara 

34.6987 

38.4526 

Dark brown 

Dark brown 


Sagrada 


Table VIII. — ^Analytical Values for the Tinctures 


Preparations 

Tincture of Nux Vomica, U. 
S. P., undefatted 

Tincture of Nux Vomica. U. 
S. P. XII, defatted 

Nux Vomica, chromato- 

graphic assay, undefatted 

Nux Vomica, chromato- 

graphic assay, defatted 

Tincture of Belladonna, U. S. 

P. XII procedure 
Tincture of Stramonium, U. 

S. P. XII assay 
Tincture of Hyoscyamus, U. 

S. P. XJI procedure 
Camphorated Tincture of 
Opium, U. S. P. XII pro- 
cedure 


Total Extractive 

Alkaloids, 

Ethyl Alcohol, 

Ethyl Alcohol, 

Gm./lOO Cc. 

Gm./lOO Cc. 

1.7423 

Strychnine 

0. 11587 
0.11566 


Strychnine 

0.14736 

0.14715 


Strychnine 

0.18480 

0.18450 


Strychnine 

0.15717 

0.15717 

2.4974 

0.03907 

0.03964 

0.3727 

0.03791 

0.03704 

1.8206 

0.00366 

0.00360 

8.1509 

0.04994 

0.04983 

0.04975 


Total Extractive 

Alkaloids, 

Isopropyl Alcohol, 
Gm./lOO Cc. 

Isopropyl Alcohol, 
Gm./l00 Cc. 

1.6859 

Strychnine 

0.09771 

0. 10293 


Strychnine 

0.13399 

0.13364 


Strychnine 


0.22338 

0.22251 


Strychnine 

0.22048 

0.22137 

2.4112 

0.03907 

0.39940 

2.5359 

0.02858 

0.02848 

1.4379 

0.00469 

0.00466 

8.4052 

0.04975 

0.04983 

0.04966 


SUMMARY AND CONCLUSIONS 


1. From the standpoint of ease of prepa- 
ration, isopropyl alcohol is of advantage as 
a solvent in eight of the preparations studied. 

2. The odor of isopropyl alcohol is an 
objectionable one and is not easily masked; 
however, benzaldehyde seems to accomplish 
this quite effectively. 

3. Isopropyl alcohol compares favorably 
with ethanol in preparing Camphorated 
Tincture of Opium by maceration, and Tinc- 
ture of Belladonna by percolation. In 
Tincture of Hyoscyamus, it proved to be a 


better solvent of the total alkaloids. 

4. In the case of the tincture of Nux 
Vomica, the tincture containing isopropyl 
alcohol showed less strychnine when assayed 
by the Pharmacopcnial method than that 
containing ethyl alcohol, but showed a 
higher strychnine content using the chroma- 
tographic method of assay. 

5. The alcohol is apparently an unsatis- 
factory solvent for the preparation of Tinc- 
ture of Stramonium because of the low yield 
of alkaloids and the high yield of extractive. 
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Book Review 


Goethe’s Botany, by Agnes Arber. The Chronica 

Botanica Company, Waltham, Mass., and G. E. 

Stechert and Co,, New York, 1946. 63 pages. 

17.5 X 26 cm. 6 illus. Price $2.00. 

It is significant of the frantic longing of present 
day mankind for tracing back all the confusing com- 
plexity of life to some fundamental bases on which 
the edifice of an all-embracing coordinated some- 
thing — a "ONE WORLD” — could be erected, that 
similar efforts are given renewed attention. 

It was in 1790 that the German poet Goethe’s 
Attempt To Interpret the Metamorphosis of Plants 
appeared. Its purpose was tp create (and to prove) 
the concept of a fundamental ["Ur"] plant from 
which the whole body of plants now in existence may 
be derived. The discussion of this astounding pub- 
lication has never ceased. It gained, however, a 
new impulse after the first world war. There have 
appeared during the last twenty-five years a number 
of German treatises on this subject and a remark- 
able English one (by Ch. Sherrington in 1942) and, 
while there was only one English version (published 
in 1863) of Goethe’s pamphlet until quite recently 
another one was published in 1937 and, but nine 
years later, the one under consideration. 

The translation by Agnes Arber comes close not 
only to the letter, but also to the spirit, of 
Goethe’s pamphlet. Her introduction, finally, merits 
the highest praise possible, namely the statement 
that it really means what its title says, i.e., that the 
reader is actually “introduced” into the problem and 
the attempts at its explanation. The following quo- 
tation reveals Miss Arber’s idea of Goethe’s type 
concept and its place in Goethe’s general philosophy: 

"In Goethe’s eyes the type principle was the clue 
to the interpretation of animals as ivell as plants . . . 
None of Goethe’s thinking was ever isolated from his 
whole mental activity, and the type concept, or, 
more widely the idea^Of Ur [fundamental] phe- 
nomena, was to him a clue to be followed not in 


science merely; it was, rather, one of the keys which 
gave him the freedom of the universe as a whole.” 

Miss Arber quotes a book by Julius Schuster 
published in 1924 and entitled Goethe, die Meta- 
morphose der Pflanzen, mil dent Original bildwerk 
(Goethe, the metamorphosis of plants, with the 
original illustrations). She does not mention the 
same author’s essays on "Idealislische Morphologie- 
als Gegemvartsproblem" (Idealistic Morphology as a 
Problem of Our Time), published in i928, and 
"Goethe nnd die Biologic" (1932). It is the last pub- 
lication that Schuster gives the following extremely 
German explanation, which- is most significant: 

"Goethe’s Ur [fundamental] phenomenon itself 
is not a reality anymore, but a visionary abstraction, 
an abstract picture. This abstraction, however— 
this generalization — sought by Goethe Is by no 
means identical with the common idea of Something 
general : It still remains something that is individ- 
ual. And things individual cannot be explained by 
means of concepts but only by perception — by pic- 
tures. Goethe requires that the individual, while' 
brought into line with the continuous sequence of 
happenings, retain its identity within this order. It 
must be and remain individual, if the general shall 
truly be represented to him. It is the problem of 
individualizing perception: which we are facing 
here.” 

In conclusion it may be stated that in the as- 
tounding figure of Goethe mankind has been given 
one of the very rare representatives of the race, 
human enough to be moved by all the problems of 
man and great enough to carry them to the highest 
level of consideration. Thus, on the centenary 
(1932) of his death there was scarcely One branch of 
science, art, and thought tiiat did not testify to the 
influence of Goethe. For pharmacy this was done by 
this reviewer in an article "Goethe uhd die Pharma- 
zie" [Pharm. Ztg., 77, 333-39(1932)). — George 
Uedang. 
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o is now available in limited 

o commercial quantities! 
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To meet the demand for 
inositol, the production of 
this compound has been in- 
creased. 

Scientific interest in this 
biologically active isomer of 
hexahydroxycyclohexane, 
also known as meso-inositol, 
began nearly one hundred 
years ago. Its occurrence in 
plant life and animal organ- 
isms has stimulated much re- 
search seeking to rationalize 

O O O O O O 

Write today tor this new sum- 
mary of the principal research 
literature on inositol. 


its role in living matter. 

A current review of the 
scientific literature on inosi- 
tol has been prepared. Write 
now for your copy. 
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Barbiturates — Are They Narcotics?* 

By SAMUEL W. GOLDSTEINt 


The discinctioa between narcotics and hypnotics is discussed. Differences ip 
authoritative opinions concerning the inherent dangers of the barbiturates are indi- 
cated. Data based on hospital records to barbiturate habituation are presented 
and the need for legislation regulating barbiturate distribution is emphasized. The 
author concludes that legally barbiturates should not be classified as narcotics. 


'T^he problem of adequate control of the 
distribution of barbiturates is recog- 
nized by many. The seriousness of the 
situation is sho\vn by statistical data (1-3). 
The solution of the problem is being dili- 
gently sought by professional and lay groups. 
The medical and pharmaceutical groups seek 
to achieve control of barbiturate distribu- 
tion by sponsoring effective uniform state 
laws. The lay groups seek to have the bar- 
biturates legally classified as narcotics and 
made subject to all tlie regulations applying 
under tlie Federal Narcotic Act. Respon- 
sible public health officials are acutely aware 
of the barbiturate problem and agree that 
legislation of some kind is necessaiy. Dr. 
Paul Dunbar, U. S. Commissioner of Foods 
and Drugs, during aVccent discussion of con- 
trol of barbiturate distribution, stated: 
“A federal law would be too complicated 


* Received Jon. 14, 1947, from the State of Marj*Iand De- 
partment of Health, Baltimore. 

t Pharmaceutical Chemist, State of Maryland Depart- 
ment of Health. 


and drastic. Uniform state laws would be 
more satisfactory" (4). 

NARCOTICS AND HYPNOTICS 

The barbiturates are generally referred to 
as hypnotics. What is the difference be- 
tween narcotics and hypnotics? Medical 
dictionaries (5) list the two terms witliout 
cross-references. The definitions for “nar- 
cotic" state that stupor oi-slecp is produced 
and that pain is relieved. “Hypnotic” is 
defined as a drug tliat induces sleep. “True 
hypnotics" produce normal sleep. Other 
hypnotics include chloroform, opium, and 
other drugs tliat have an anodyme effect. 
Apparently tlie le.vicographcrs interpret the 
two terms as having separate meanings. 
European medical wTiters customarily use 
tlie term “narcotic” to include hy'pnotics and 
frequent references are made to tlie barbi- 
turate narcotics. American medical litera- 
ture contains many statements about the 
hypnotic effect and the narcotic effect of 
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barbiturates but almost always refers to the 
barbiturates as hypnotics. Finally we have 
the legal definition of “narcotic drugs” as 
“coca leaves, opium, cannabis, and every 
substance not chemically distinguishable 
from them” (6). 

Undoubtedly the main reason for passing 
the Federal Narcotic Act in 1914 was the 
rapid increase in the number of addictions 
to opiates and coca derivatives. During the 
period that this law has been in force the 
term “narcotic” has been accepted as apply- 
ing to opiates, coca derivatives, and canna- 
bis or marihuana. The question now being 
raised is this: Should the barbiturates be 
added to this group of drugs? 

Among physicians there are honest dif- 
ferences of opinions as to the dangerous na- 
ture of barbiturate medication. Shelton (7) 

states “ the barbituric acid derivatives 

produce severe pathological "changes in the 
organism when given in large doses over any 
moderate length of time. Even the small 
therapeutic doses when frequently repeated 
cause a moderate amount of tissue destruc- 
tion. The barbiturates have an affinity for 
nervous tissue cells afid destruction is most 
marked in the higher centers of the central 
nervous system.” G. W. Robinson, Sr. (8) 
states, “In the treatment of mental ill health, 
barbiturates have a place, but only to meet 
emergencies and temporarily to relieve the 
patient of insomnia and mental distress. It is 
a form of medication which may be tem- 
porarily helpful in relieving symptoms but if 
continued over a period of days or weeks 
will do much more harm than good.” 
Grogan (9) discusses the various uses of 
barbiturates in mental hospitals. He de- 
scribes the results obtained, and continues: 
“All this is attained with no harm to the 
patient. I have never seen barbiturates, 
used in the ways described, bring about 
addiction to the drug. The few cases of 
barbiturate addiction that have come to my 
attention had an e.xtreraely apparent under- 
lying psychiatric basis for their addiction.” 
Grogan stresses the point that in all cases 
where barbiturates are administered over a 
long period of time, the minimum efltective 
dose for the patient should be established 
and maintained. 


Moore and Gray (10) in their discussion 
of patients who were believed to have a 
psychosis due to drugs (including barbi- 
turates) or exogenous chemical poisons, 
state: “Many patients cleared mentally in 
a short time after withdrawal of the drugs, 
A few grew steadily worse, particularly 
those who had been using morphine and 
opium, probably due to the onset of with- 
drawal symptoms which are characteris- 
tically seen in users of the narcotic phenan- 
threne derivatives. . .Present knowledge 
concerning dependence on drugs is negative, 
for this phenomenon appears only upon 
withdrawal of drugs. The phenanthrene 
derivatives (morphine, etc.) appear to pro- 
duce more dependence than do some of the 
coal tar drugs (barbiturates, for example). 
Persons who use drugs are motivated by the 
same mechanisms as obtain in alcoholism, 
and it is pointed out that drugs, other than 
alcohol, do not approach the importance of 
that substance as contributory factors in the 
production of mental disease.” 

BARBITURATE ADDICTION 

A large proportion of the barbiturate ad- 
diction cases are associated with opiate 
addiction. Many of these will return to 
complete dependence upon opiates as soon as 
these drugs become available. The sad 
fact is that the opiates will become available 
in spite of the truly valiant work of our too 
small group of federal narcotic control 
agents. If some other countries were nearly 
as diligent as the United States in the curb- 
ing of traffic in opiates, cocaine, and canna- 
bis, the already admirable results of the ef- 
forts of our enforcement agents would be 
even more spectacular. Nevertheless, dur- 
ing the period of 1940-1945, which included 
the war years when importation of opiates 
was practically eliminated, the addictions 
recorded in certain hospitals showed that 
the ratio of barbiturate addictions to total 
addiction cases did not Increase. 

While the hospital records of addictions 
give a picture that is far from complete, they 
are at present the most reliable data avail- 
able. Furthermore, the comparison of hos- 
pital data from two different periods gives 
an indication of the frequency of occurrence 
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of addictions due to all drugs and of barbi- 
turate habituation. 

Hambourger (2) reported that for the 
decade 1928-1937 thirteen hospitals listed 
eighty-five cases under barbiturate addic- , 
tion, an incidence of about one case for every 
15,000 admissions. He reported more com- 
plete data for the following five hospitals: 
Baylor University, Dallas, Texas; Boston 
City, and Peter Bent Brigham, Boston; 
Presb 3 d;erian, New York; Michael Reese, 
Chicago. These hospitals had combined 
admissions for all causes of 761,923 cases. 
They had 398 cases of addiction to all drugs 
(excluding chronic alcoholism), forty-three 
of which, or 10.8 per cent, involved barbi- 
turates; about one of every nine addiction 
cases. 

The present author has compiled data for 
the six-year period 1940-1945, from the 
records of the following hospitals: Baylor 
University, Dallas, Texas; Boston City, 
Boston; Cleveland City, Cleveland; Pres- 
byterian, New York; Presbyterian, Michael 
Reese, and University Clinics, Chicago; 
Walter Reed General, Washington, D. C.; . 
St. Mary’s, St. Louis; Baltimore City, 
Johns Hopkins, 'Mercy, Sinai, Union Mem- 
orial, and University, Baltimore. These 
hospitals had combined admissions for all 
causes of 1,138,887 cases. They had 
715 cases of addiction to all drugs (excluding 
chronic alcoholism), sixty-eight of which, or 
9.5 per cent, involved barbiturates; about 
one of every eleven addiction cases. The in- 
cidence of barbiturate addiction in the total 
admissions was one case in every 17,000 
admissions. These data show that the fre- 
quency of barbiturate addiction compared 
to total admissions and to addictions to all 
drugs decreased in tire 1940-1945 period. 
They also show tliat the frequency of addic- 
tions to all drugs compared to total admis- 
sions increased from one in every- 1900 ad- 
missions during 1928-1937 to one in every- 
1600 admissions during 1940-1945. 

This does not mean that tlic entire bar- 
biturate situation improved during the 3 '-ears 
following 1937. Data published by Gold- 
stein (1) show that this is far from true. But 
the present data emphasize tlie far lesser 
danger of addiction by barbiturates tlian 


by other habit-forming drugs, especiall)’- 
those legally classified as narcotics. 

WITHDRAWAL SYMPTOMS 

IWiile continued daily use of barbiturates 
can lead to habituation, the almost complete 
absence of withdrawal reactions is in marked 
contrast to the reactions produced when 
drugs are withheld from opiate addicts. 
Barbiturates do not produce the euphoria or 
sense of well-being in the same sense or ex- 
tent that is produced with opiates, cocaine, 
or cannabis. Barbiturates are not analgetic 
or pain-relieving, as are the opiates. The 
habituation developed on long usage of 
barbiturates is broken very- easil)’- compared 
with the addictions to opiates and cocaine. 
The barbiturates, when used alone, do not 
cause the psj’-chic reactions which lead mari- 
huana users to commit criminal acts. The 
continued use of opiates leads to the develop- 
ment of such a tolerance to the drug that 
addicts who desire euphoria are driven to the 
use of ever-increasing doses, sometimes ten 
or twenty times more than would be fatal 
to an unaccustomed individual (11). With 
barbiturates, a certain amount of physical 
adaptation is readily acquired, as with 
alcohol; but there is little real tolerance for 
large doses. Prolonged use of barbiturates 
by psjmhologically susceptible persons ma)"- 
cause the development of psychical degener- 
ation and mania, as witli alcohol, but tliese 
are often absent after long continued daity 
administration. With opiates, daily use 
will lead to addiction in ten days with sus- 
ceptible individuals, and in twenty to 
twenty-five days in those with nonnal emo- 
tional stability (12). 

The following case historjy submitted bj' 
I. Kaplan, M.D. (13), is an example of the 
rational iise of barbiturates over an ex- 
tended period of time. A GO-year old male 
suffered an attack of coronary thrombosis. 
To insure complete rest, he was given 1 grain 
of phenobarbital sodium every four hours 
and iy« grains of pentobarbital sodium each 
night for a period of four weeks. Following 
this, tlie daily administration was limited to 
tlie nightlj’ dose. The case was complicated 
by the development of an embolism during 
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the third week. After nine weeks of daily 
barbiturate administration, the improved 
patient showed no signs of drug intoxication, 
but showed sufficient drug dependence to de- 
mand his “sleeping pill” each night. Dur- 
ing the tenth and eleventh weeks the patient, 
on his physician’s advice, cut his sleeping 
pills down to one every other night. When 
he became ambulatory, during the twelfth 
week, the administration of barbiturates was 
discontinued with no apparent ill effect to 
the patient. 

In 1940, G. W. Robinson, Jr., M.D. (14) 
discussed the seriousness of the barbiturate 
situation, and made the following state- 
ments: “It should not be necessary to wait 
for lawmakers [to correct the condition]. 
The physicians of the country are largely 
responsible for the situation. We have 
been too gullible in accepting the statements 
of the manufacturers and, worse if possible, 
we have passed those statements on to the 
laymen. Patients have been told by the 
family doctors, the consulting specialists, 
their nurses, and others in authority that 
they can take this medicine as long as they 
want to, that it will not hurt them and will 
not form a habit. There may have been a 
time when the knowledge of the dangers of 
these drugs was so limited that such state- 
ments could be made with sincerity but that 
day is past, . . . .” 

Robinson may have been too harsh with 
his colleagues, but surely many physicians, 
pharmacists, and nurses still must be con- 
vinced of the dangers in barbiturate usage. 
The educational program should be pushed. 
The legislative program is being activated. 
The question as to how severe the legislative 
restrictions must be to achieve proper con- 
trol has been studied and reported by Fis- 
chelis (15). The Legislative Committee of 
the American Pharmaceutical Associa- 
tion and the National Drug Trade Confer- 
ence have endorsed a model Uniform State 
Barbiturate Act. The various state phar- 
maceutical and medical societies are study- 
ing this bill in order to make any necessary 
changes before its introduction to the state 
legislatures for enactment. This legislation 
should go far to correct the faults in the pres- 
ent system of barbiturate distribution. 


The classification of barbiturates as nar- 
cotics may have some valid basis when con- 
sidered only from a pharmacological view- 
point. But, taking the foregoing data into 
consideration, the answer to the question: 
“Should the barbiturates be classed as 
narcotics legally?” is “No.” 


SUMMARY 


1. The ambiguous uses of the terms 
“narcotic” and “hypnotic” are discussed. 

2. The differences in opinion among 
physicians regarding the dangerous nature 
of the barbiturates is indicated. 

3. Hospital records for the periods 
1928-1937 (I) and 1940-1945 (II) yielded 
the following data: 

(a) Addictions to all drugs (chronic al- 
coholism excepted) : Period I. One in 
every 1900 admissions. Period II. One 
in every 1600 admissions. 

(b) Addictions to barbiturates: Period 
I. One in every 15,000 admissions. 
Period II. One in every 17,000 admissions. 

(c) Relationship of barbiturate habitu- 
ation to total addictions: Period I. 
One in every nine, or 10.8 per cent. Pe- 
riod II. One in every eleven, or 9.5 per 
cent. 


4. The need for effective legislation to 
regulate barbiturate distribution is empha- 
sized. 

5. The question of legally classifying 
barbiturates as narcotics is answered in the 
negative. 
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Hydrophilic Properties of Certain Ointment 
Base Constituents* 

By ALFRED HALPERNt and LOUIS C. ZOPFI 

A series of saturated Cio to Cjs fatty alcohols were studied for their effect on the 
hydrophilic properties of petrolatum. An optimum concentration at which each 
fatty alcohol exerts its maximum effect is noted. Cetyl alcohol has the lowest opti- 
mum value, but octadecyl alcohol (stearyl alcohol), having a slightly higher opti- 
mum value, exerts the strongest effect on the hydrophilic properties of petrolatum. 
The values obtained by’two methods are compared and the practical value of this 
property of the fatty alcohols is discussed. A comparative study of these alcohols 
in bases analogous to that described in the Swiss Pharmacopoeia V is made. 


A METHOD for the extemporaneous formu- 
lation of a hydrophilic ointment base 
is of decided advantage to the pharmacist 
and physician. The need frequently arises 
for a base that will incorporate a definite 
quantity of water or a solution of a medica- 
ment. While many excellent bases that will 
take up varying amounts of water have been 
reported, these bases, for the most part, are 
fixed in their water content. There is very 
little flexibility in their hydrophilic proper- 
ties. We realized the possibilities toward 
improved ointment therapy 'through the 
development of a system of formulation, 
whereby the amount of water taken up by an 
ointment base can be predicted and how such 
a base might be altered to accommodate 
varying amounts of water without qualita- 
tively changing the product. A knowledge 
of the eSects of varying concentrations of 
ointment base constituents on tlie h)^dro- 
philic properties of the base as a whole would 
result in such a system. Thus, by quanti- 
tatively altering these agents, a base could 
be constructed to accommodate a predeter- 
mined amount of water or solution of a medi- 
cament. 

This study was undertaken to extend the 
work of Casparis and Meyer (1) and to 
investigate the hydrophilic properties of a 
homologous series of saturated fatt)' alco- 
hols. We investigated the saturated fatt\'- 
alcohols from Cio to Cis. The "water 
numbers" of tlie individual alcohols were 


* Kcccivcd Sept. 4, 194C, from the State University of 
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meeting, August, 194C. 
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noted (Table IV) and a study of the com- 
bined effects of the fatty alcohol and wool 
fat on tlie water-absorbing properties of 
petrolatum was also carried out. 

We wish to emphasize tliat tlie resulting 
preparations of the fatty alcohols and petro- 
latums are not to be construed as a recom- 
mended ointment base, nor do we propose 
that the hydrated mixture be used in such a 
manner, without further adjustment. It is 
noted, howev'er, that the Swiss Pharma- 
copoeia V has official a base that is analogous 
to the fatty alcohol-wool fat-petrolatum 
group (Part II) (5). 

PART I 

In 1935 Casparis and Meyer published their re- 
sults of a study of the hydrophilic properties of cer- 
tain ointments and ointment bases (I). They de- 
scribed a method for determining the “water num- 
ber” of a fat or ointment base. Of particular interest 
is their statement that the water number of a mix- 
ture is roughly the sum of the incrcasos produced by 
the individual components. Among the substances 
investigated, cetyl alcohol was found to increase the 
water number of petrolatum three to four times. 
An optimum concentration of the cetyl alcohol in 
petrolatum was noted by the investigators. At 
this optimum, cctj'l alcohol causes its maximum po- 
tentiation of the water-absorbing properties of 
petrolatum. 

The "water number" as defined by Casparis a!id 
Meyer, is the largest amount of water which 100 
Gm. of an ointment base or fat will hold at normal 
^temperature {20°). Their method of determining 
the water number is as folloivs : 

Method I — “The incorporation of the maximum 
.amount of water was effected in a mortar by' adding 
water to the melted base and triturating until cool. 
If no water remained, more was added in small 
amounts until no more was taken up. The oint- 
ment was transferred to a jar and kept in a refrigera- 
tor for several hours at about 0°. It was then al- 
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lowed to come up to room temperature and rubbed 
on a slab with a spatula. This procedure was re- 
peated until no more water exuded. The water 
present in a 5- or 10-Gm. sample of the base was de- 
termined by the method of Pritzker and referred to 
100 Gm. of base.”(2). 

The water number is calculated in the following 
manner: 

Weighed amount of saturated base = x 
Water content = y 

Weight of base alone = (» — y) 

Water number = fOOy 

(y - .r) 

The water numbers of various concentrations of a 
homologous series of fatty alcohols (Table I) in 
petrolatum were determined by this method (Table 
II). The study was limited to concentrations up to 
15% of the fatty alcohol in petrolatum because our 
objective was to learn the effects of the fatty alco- 
hols at minimal concentrations. We were not 

concerned with any further physical property that is 
contributed by the fatty alcohols to the base at 
higher concentrations. 


Table I. — Fatty Alcohols Tested 


Fatty Alcohol 

Formula 

Grade® 

Decanol 

CioH-iOH 

Technical 

Lauryl alcohol 

CijHjjOH 

Technical 

Myristyl alcohol 

CuHjiOH 

Unknown 

Cetyl alcohol 

C.sHisOH 

Cosmetic 

Stearyl alcohol 

CisHjiOH 

Cosmetic 

(Stenol) 

Petrolatum (yellow) 


U. S. P. 

Petrolatum (white) 


U. S. P. 

Wool fat 


U. S. P. 


® In no case Tvere the physical properties observed' of the 
fatty alcohols those given in the Handbook of Chemistry and 
Physics. 


another method was employed to determine the 
water numbers of the various petrolatum fatty 
alcohol mixtures. 

Method 2. — A 10-Gra. portion of the appropriate 
petrolatum-fatty-alcohol mixture was triturated in a 
mortar with water delivered from a burette 0.5 cc. 
at a time. When no more water was taken up, the 
mixture was chilled for an hour in an ice bath. It 
was then allowed to warm to room temperature and 
was levigated on a slab. If water was exuded by 
levigation, the process was repeated on a fresh 
sample, using 0 J. cc. less of water. This was re- 
peated until a level was reached at which no water 
could be exuded by levigation. As a further check, 
the amount of water taken up by 10 Gm. of the 
mixture was referred to 100 Gm. and this value 
checked by adding this quantity of water to 100 Gm. 
of the mixture and treating as above. The values 
recorded are those for 100 Gm. of the mixture 
(Table III). 

DISCUSSION 

The values obtained indicate that there is a defi- 
nite relationship between the concentration of the 
fatty alcohol and the amount of water held by the 
mixture. It is important to note that the water num- 
ber is specific for the fat. Thus Casparis and Meyer 
report (1-3) that while 4% of cetyl alcohol in pe- 
trolatum raised the water number of petrolatum 
from (9.3-15.6) to (38.8-51.6), a 3% of cetyl alcohol 
in hydrogenated peanut oil raised the water number 
of the peanut oil from 75.4 to 185.7. Lard had its 
water number raised from 7.5 to 244.9 by a 3% con- 
centration of cetyl alcohol. For this reason, the 
fat phase should always be indicated in any dis- 
cussion of the water number of a substance. 


Table II. — Water Nujibers of Fatty Alcohol-Petrolatum Mixtures Determined by Method 1 


Fatty alcohol 

1% 

2% 

Concentration in White Petrolatum 

3% 4 % 5% 6% 7% 

8% 

9% 

10% 

12.5% 

15% 

Decanol 

10.14 

11.2 

12.75 

13.26 

14.61 

15.43 

16.15 

16.8 

17.2 

17.8 

18.1 

16.2 

Lauryl alcohol 

14.1 

17.2 

18.3 

19.4 

21.0 

22.7 

23.5 

24.6 

25.4 

23.2 

21.4 

19.2 

Myristyl alcohol 

21.7 

22.8 

26.5 

28.7 

31.2 

30.8 

32.5 

34.8 

30.3 

31.4 

28.0 

24.1 

Cetyl alcohol 

31.1 

36.2 

38.0 

38.5 

36.1 

36.4 

35.1 

34.0 

33.2 

31.2 

30.6 

29.5 

Stearyl alcohol 

32.0 

35.1 

39.3 

41.2 

42.5 

43.2 

40.1 

40.5 

39.7 

38.0 

35.6 

33.2 

Fatty alcohols 

1 % 

2% 

Concentration in Yellow Petrolatum 

3% 4% 6% 6% 7% 

8% 

9% 

10% 

12.6% 

15% 

Decanol 

10.7 

12.1 

12.9 

13.5 

14.1 

15.6 

16.7 

17.1 

17.9 

18.8 

19.8 

16.9 

Lauryl alcohol 

14.2 

16.1 

17.3 

19.5 

20.6 

22.3 

24.0 

25.8 

27.1 

25.2 

22.1 

19.3 

Myristyl alcohol 

22.6 

24.5 

27.1 

28.5 

30.8 

31.3 

33.5 

34.6 

32.1 

30.2 

27.4 

25.1 

Cetyl alcohol 

32.6 

35.1 

38.2 

40.2 

38.8 

37.1 

36.0 

34.1 

32.6 

31.1 

29.8 

29.1 

Stearyl alcohol 

35.1 

38.2 

40.1 

42.6 

44.3 

45.2 

41.2 

40.3 

39.0 

38.2 

36.0 

34.0 


Water number of White petrolatum 9.0- 
Water number of Yellow petrolatum 10.2 


The optimum concentration of the fatty alcohol 
in the petrolatum derived by this method was noted 
in Table IV. 

As the authors (Casparis and Meyer) make the 
statement that this method does not have the exact- 
ness of other analytical methods since various in- 
terfering factors cannot be well controlled (1), 


The purity of the fatty alcohol and the petrolatum 
is important in the application of the water num- 
ber to extemporaneous formulation. A range of 
values has been obtained depending on the quality 
of the fatty alcohol and the petrolatum used. In 
order to standardize our results and eliminate as 

mqch as possible this source of variation, we used 

1 , ' ' > 
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Table III. — Water Numbers of Fatty Alcohol and Petrolatum Mixtures Determined by 

Method 2 


Concentration in White Petrolatum 


Fatty alcohol 

1% 

2% 

3% 

4% 

5% 

6% 

7% 

s% 


9% 

10% 

12.5% 

15‘ 

>0 

Decanol, CioHjiOH 

11.3 

12.1 

13.5 

14.2 

15.1 

15.1 

15.7 

16. 

1 

17.0 

17.2 

17.8 

15. 

1 

Lauryl alcohol, CuHjsOH 

15.2 

18.3 

18.5 

19.7 

21.8 

22.5 

23.0 

24. 

1 

25.2 

22.7 

20.3 

19. 

0 

Myristyl alcohol, CuHisOH 

21.0 

23.2 

26.1 

29.0 

30.1 

30.3 

31.3 

32. 

8 

30.0 

28! 1 

26.0 

23. 

2 

Cetyl alcohol, CisHaaOH 

30.0 

35.5 

37.8 

38.2 

38.0 

37.6 

37.0 

36. 

1 

36.3 

35.2 

32.1 

32. 

4 

Stearyl alcohol, CisHnOH 

33.1 

36.5 

38.2 

39.0 

40.7 

42.3 

42.0 

41. 

3 

40.2 

38.7 

37.5 

36. 

8 



Concentration in Yellow Petrolatum 








Fatty alcohol 

1% 

2% 

3% 

4% 

5% 

6% 

7% 

8% 


9% 

10% 

12.5% 

15 

% 

Decanol, CioHjiOH 

11,2 

12.7 

13.8 

14.8 

16.0 

16.3 

17.1 

17 

.8 

18.0 

18.4 

19.1 

17 

.8 

Lauryl alcohol, CisHjsOH 

15.5 

17.8 

18.7 

19.5 

21.6 

22.8 

23.5 

24, 

.8 

26.0 

25.1 

24 2 

23 

.0 

Myristyl alcohol, CkHjsOH 

20.0 

23.4 

25.6 

28.2 

30.3 

30.8 

32.0 

33 

,2 

31.2 

29,2 

27 ! 1 

24 

.8 

Cetyl alcohol, CicHjjOH 

31.5 

36.1 

41.2 

43.5 

40.1 

39.8 

38.1 

36 

.5 

36.0 

35.0 

34.1 

33 

.8 

Stearyl alcohol, CisHnOH 

35.0 

38.2 

39.3 

41.2 

43.1 

45.3 

43.0 

41 

.6 

42.0 

40.0 

38.2 

37 

.1 


Water number of white petrolatum 
Water number of yellow petrolatum 


9.5 

10.8 


a petrolatum described as meeting U. S. P. XII 
specifications and fatty alcohol commonly sold as 
the dermatological grade. However, it is important 
to note that in some cases these were designated as 
"technical grade.” The purities of the fatty alco- 
hols used are described in Table I. 


Table IV. — Optimum Concentration and Water 
Numbers of Fatty Alcohols 



r— Method 1 1 r 

Method 2 \ 


Optimum 

Optimum 



Concen« 


Concen* 



tratioa, 

“Water 

tration, 

Water 

Fatty Alcohol 

% 

Number 

% 

Number 

White Petrolatum 



Decanol 

12.5 

18.1 

12.5 

17.8 

Lauryl alcohol 
Myristyl alcohol 

9.0 

25.4 

9.0 

24.1 

8.0 

34,8 

8.0 

32.8 

Cetyl alcohol 

4.0 

38.5 

4.0 

38.2 

Stearyl alcohol 

0.0 

43.2 

6.0 

42.3 

Yellow Petrolatum 



Decanol 

12.5 

19.8 

12.5 

19.1 

Lauryl alcohol 

9.0 

27.1 

9.0 

26.0 

Myristyl alcohol 

8.0 

34.6 

8,0 

33.2 

Cetyl alcohol 

4.0 

40.2 

4.0 

43.5 

Stearyl alcohol 

6.0 

45.2 

6.0 

45.3 


Of the series studied, cetyl alcohol had the lowest 
optimfim concentration and stcaryl alcohol caused 
the greatest potentiation of the water number of 
petrolatum. The water number of petrolatum ap- 
parently increased with the increase in the length 
of the carbon chain. The concentration necessary 
to cause the maximum increase has its minima at 
a carbon chain length of 16. Thus, the fatty alco- 
hols tested on both sides of cetyl alcohol require a 
greater concentration to exert their maximum 
effect on the water number of petrolatum. We 
hesitate to draw conclusions from a minimal amount 
of data; therefore we merely report these observa- 
tions as properties of tlie fatty alcohols tested and 
not as a genendizatiou on the fatty aleohohs of the 
type C„H(s» + ijOH. We are continuing the in- 
vestigation of the relationship of the lipophilic 
group to the hydrophilic group with regard to the 


effect on the water number of ointment base con- 
stituents. 

Of the alcohols studied, decanol and laurj'l 
alcohol possess a characteristic odor which detracts 
from their use in ointments. Myristyl, cetyl, and 
stearyl alcohols do not have this objectionable 
feature. All emulsions resulting from this study 
were stable "water-in-oil” types. "Sweating” was 
evidenced in the saturated mixtures kept at 45° 
overnight. However, preparations containing 3% 
to 5% less water than that indicated by the water 
number showed no "sweating” at this temperature. 
No "sweating” was observed with the saturated 
mixtures kept at room temperature (25°), This 
would seem to indicate that the water number is in- 
fluenced by temperature. 

PART II 

One of the purposes of this study was to develop 
a means of extemporaneous formulation of hydro- 
phylic ointment bases. Of particular interest in 
this regard is the statement that "the water number 
of a mixture is roughly the sum of the water numbers 
of its components” (2). 

We decided to study the effects of a mixture of 
two fatty alcohols and petrolatum and wool fat- 
fatty alcohol-petrolatum on the water number of 
petrolatum. The methods used to determine the 
water number of these mixtures were those de- 
scribed in Part I of this paper. The fatty alcohols 
were used at their optimum concentrations (A) and 
the wool fat-fatty alcohol-petrolatum series was 
patterned after that described in the Swiss Pharma- 
copmia V (B). The type of formulas used were: 

(A) Fatty alcohol I Optiratim concentration 

Fatty alcohol II. . . .Optimum concentration 
Petrolatum g. s 100 Gm. 

(B) Wool fat 10 Gm. 

Fatty alcohol Optimum concentration 

Petrolatum q. s 100 Gra. 

.Casparis and hicyer investigated the Unguentum 
Celylieum of the Swiss Phannacopmia V and found 
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that it had a TOter number of 81.1 to 108.3. This 
base contains the optimum concentration of cetyl al- 
cohol (4%) in wool fat (10%) and petrolatum (86%). 
The range of the water number was attributed 
to the type of petrolatum used. 

Professor Rupp (4), studying a base containing 
miwistyl alcohol in the place of cetyl alcohol in the 
above formula (B), found that it took up about 10% 
less water than the cetyl alcohol preparation. He 
further states that rayristyl alcohol gives ointments 
which are inferior to cetyl alcohol as regards the 
taking up of water. 

We repeated these determinations merely to com- 
plete our series. It was found that introducing the 
maximum amount of water (i.e., the amount indi- 
cated by the water number) produced a preparation 
that did not possess all of the physical properties 
desired in an ointment base. A preparation that 
was extremely soft resulted, particularly so in the 
mixtures containing over 110% of water, based on 
the quantity of fat phase. By using 10% to 15% 
less water than is indicated by the water number a 
preparation having an increased pharmaceutical 
elegance resulted. 

The water number of a mixture of fatty alcohols 
and petrolatum (Formula A) is not the sum of the 
individual water numbers. There was some poten- 
tiation but this was not constant. In the cases 
where decanol and lauryl alcohol were used, a slight 
decrease in the water number was noted. The mix- 


Table V. — Water Numbers of Mixtures of 
Fatty Alcohols 


White Yellow 

Petrolatum Petrolatum 


Fatty Alcohols 

Calcd. 

Found 

Calcd. 

Found 

Decanol Lauryl 

43.5 

20.1 

46.9 

24.1 

-f- Myristyl 

52.9 

27.2 

54.4 

26.3 

-f Cetyl 

56.6 

30.6 

60.0 

31.9 

-j- Stearyl 

61.3 

35 .-4 

65.8 

38.0 

Lauryl + Myristyl 

60.2 

20.1 

61.7 

22.1 

-j- Cetyl 

64.9 

35.4 

67.3 

38.1 

-f- Stearyl 

68.6 

38.8 

72.3 

40.2 

Myristyl -j- Cetyl 

73.3 

47.2 

74.8 

48.8 

-(- Stearyl 

78.0 

51.0 

79.8 

54.5 

Cetyl -(- Stearyl 

81.7 

63.5 

85.4 

60.1 


ture of myristyl-cetyl, mswistyl-stearyl, and cetyl- 
stearyl alcohols showed some potentiation but not 
that equivalent to the sum of their individual water 
numbers (Table V). 

The water number of the formulas containing wool 
fat and a single fatty alcohol-petrolatum (Formula 
B) was roughly that of the sum of their individual 
components (Table VI). 

The emulsions were all of the water-in-oil tsrpe. 

This work is to be extended to include the poly- 
hydroxy alcohols and the alcohol derivatives. We 
intend also to investigate the activity of the alcohols 
in other fats. The results of these investigations will 
be reported at a later date. 


Table VI. — Water Number of Wool Fat, Fatty-Alcohol, and Petrolatum Mixtures 



r. a., % 

W. F., % 

Pet.. % 

Yellow Petrolatum 
Calcd. Found 

White Petrolatum 
Calcd, Found 

DecanoP 

12,5 

S'’ 

82.5 

96.6 

64.1 

98.3 

62.1 

Lauryl" 

9.0 

5'’ 

87.0 

103.9 

82.5 

105.6 

86.3 

Myristyl' 

8.0 

10 

82.0 

113,3 

97.1 

113.1 

93.2 

Cetyl' 

4.0 

10 

86.0 

117.0 

108,3 

118.7 

104.1 

Stearyl alcohol' 

6.0 

10 

84.0 

121.7 

114.5 

123.7 

118.2 


° An extremely soft preparation resulted. More water may have been taken up but it could not be levigated. It resembled 
a cream in consistency. The odor of the preparation was objectionable. 

A 5% concentration of wool fat in petrolatum has the same water number as a 10% concentration, 

® A softened preparation resulted by the incorporation of the maximum amount of water to the base. Using 10% less water 
resulted in a stiffer base. 


CONCLUSIONS 


1. Of the series studied, cetyl alcohol 
had the lowest optimum concentration and 
stearyl alcohol caused the greatest potenti- 
ation of the water number of petrolatum. 

2. “Sweating” was evidenced in the 
saturated mixtures and not in the unsatu- 
rated mixtures at higher temperature (45°). 
The results seem to indicate that the water 
number is influenced by temperature. 


3. The water number of a mixture of 
fatty alcohols is not the sum of the individual 
water numbers. 

4. The water number of a mixture of 
wool fat-fatty alcohol and petrolatum is 
“roughly” the sum of the water numbers of 
the individual components. 

5. The emulsions were all of the water- 
in-oil type. 
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Effect of Sodium 5-Allyl-5(Methylbutyl)barbiturate 
(Sodium Seconal) on Oxygen Consumption in Rats* 

By NILKANTH M. PHATAK and EDWARD SAXEY 

The results of a study of the effect of subanesthetic doses of Seconal on oxygen con- 
sumption are reported. Peoples’ photographic method was modified to measure 
continuous oxygen consumption of rats. In 30 rats the average rate of oxygen con- 
sumption under control conditions was 4.5 cc. per minute which was reduced by 
Seconal to 4.0 cc. per minute with no change in respiratory rate. In 5 rats, not in- 
cluded in the results above, slight excitation was produced so that the oxygen con- 
sumption increased from 4.4 cc. per minute to 5. 1 cc. per minute without effect on the 
respiration. These results show that in the majority of animals a significant reduc- 
tion in oxygen consumption (metabolic rate) occurs with subanesthetic doses 
of Seconal without change in respiratory rate, or due to the effects of muscular 
' relaxation. 


^^UEDEL (1) states that the “reflex irrita- 
bility” of an individual under general 
anesthesia parallels the metabolic rate, 
which in turn reflects the oxygen demand of 
the body cells. Since preanesthetic seda- 
tives contribute an appreciable share of the 
depression produced in anesthesia, the ex- 
tent of their effect on oxygen consumption is 
of importance. The barbiturates may in- 
fluence oxygen consumption through one or 
through a combination of the two following 
mechanisms: (a) direct (systemic) depres- 
sion of intracellular enzymic oxidative proc- 
esses, or (b) indirect cellular anoxia pro- 
duced subsequent to respiratory center de- 
pression. The danger of anoxia is greater 
when the particular preanesthetic depres- 
sant and the size of its dose tend to depress 
the process of respiration more than the 
sum-total of vital, intracellular oxygen con- 
sumption. A desirable barbiturate thus is 
one which can afford a wide range, or safety 
margin, between the dose producing a defi- 
nite decrease in oxygen consumption rate 
and that depressing the respiratory function. 

Previous studies concerning effects of 
barbiturates on metabolic rate show contra- 
dictory results. Anderson, Chen, and Leake 
(2) in obtaining evidence for Guedcl’s meta- 
bolic gradient concept, found that Amytal, 
in therapeutic doses, produced a slight in- 
crease in the oxy^gen consumption rate of 
normal ■indi\nduals. This effect, however, 

* Received Sept. 4, 194G, from the Departments of Pbar- 
macoiop:y, University of Oregon Medical School nod Umver- 
sity of Oregon Dental School. Portland. Ore. 

Presented to the Scientific Section, A. Pn. A., Pittsburgh 
roccling, 1946. 


was reversed by larger doses. They also 
noted an increase in the respiratory rate 
after amytal administration. 

Lee (3) injected adult rats subcutaneously 
and intraperitoneally with gradually in- 
creasing doses of Amytal and observed a 
corresponding decrease in the basal meta- 
bolic rate. The route of administration had 
no influence in his results. 

Siebert and Thurston (4) studied effects of 
subcutaneous injections of Amytal in guinea 
pigs. They found a decreased rate of heat 
production in these animals. Kleiber and 
Saunders (5) injected rats subcutaneously 
and intraperitoneally with Amytal. They 
noted that tliirty minutes after the intra- 
peritoneal injections, the oxygen consump- 
tion rate decreased CS per cent of that for the 
controls; and SO per cent of that for the 
controls after subcutaneous administration. 
WTien the Amytal dose was adequate to pro- 
duce anesthesia, a considerable decrease in 
the metabolic rate of the animals was noted. 

The effects of barbitiuates on metabolism 
are considerable when given in large doses, 
but in ordinary doses their action on metab- 
olism is held to be negligible. As Peoples 
(G) puts it, "the effects of barbiturates on 
o.xygen consumption are no more than would 
be expected from a similar degree of relaxa- 
tion in sleep.” Other experimental obser- 
vations of Deuel on dogs (7) and of Rown- 
tree (S) on human subjects also indicate the 
rather inconclusive effects of barbiturates on 
oxy’gen consumption. 

Our study is limited to the effects of sub- 
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cutaneous administration of subanesthetic 
doses of Sodium Seconal on the oxygen con- 
sumption of rats. This drug is metabolized 
predominantly through the Uver. Since 
central nervous system depressant drugs 
produce rather pronounced metabolic effects 
through sympathetic stimulation (reflex 
adrenin mediation), we thought it would be 
of interest to note the effects of this type of 
short-acting barbitturate on the oxygen re- 
quirements of the body. 

METHODS 

A modification of Peoples’ photomotographic 
method (9) was utilized to obtain visual records of a 
continuous oxygen consumption rate of young rats 
of both sexes. All animals served as their own con- 
trols since previous to Seconal injections, a record of 
the animal’s oxygen consumption was obtained over 
a control period of sixty to ninety minutes. During 
this period the rats were accustomed to the closed 
oxygen system of the apparatus. By extending the 
control observations to longer periods it was possible 
to discount for the periodic contributions to in- 


creased oxygen consumption caused by the sporadic 
activity of the rats. (See Fig. 2.) Summating the 
results of these prolonged control and observation 
periods made it possible to obtain reliable "average" 
rates of oxygen consumption for comparison. (See 
Figs. 3 and 4.) The glass jar, in which the ani- 
mal was placed, was immersed in a constant tem- 
perature water bath at 28° since the flow meter on 
the apparatus was calibrated at this arbitrary point. 
(See Fig. 1 .) The temperature of the bath was regu- 
lated so as to not vary 0.2°. This procedure elirai-- 
nated effects of variations of temperature entering 
into the calculations of the graphic oxygen consump- 
tion figures. 

RESULTS 

The results of observations on 30 rats injected sub- 
cutaneously with Sodium Seconal and accompanying 
data are presented in Table I. For comparison of 
dosage variation the results are also summarized in 
Table II. 

It is apparent from the results that subanesthetic 
doses of Sodium Seconal, like other barbiturates, 
produce variable degrees of central nervous system 
depression depending on individual variation. Often 
the same dose produces increase of muscular activity 



Fig. ,1. — Metabolism apparatus. Modified Peoples’ photographic metabolar. 
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Fig. 2. — Showing periodic spurts of increased activity (sharp peaks on the right half of the record) of 

rats during the experimental period. 


Table I. — Effect of "Seconal Sodium" Injections on Oj Consumption Rate in Thirty White Rats 


Sex 

wt., 

Gm, 

Dose, 

Mg./Kg. 

Pre-Injection Period 
Time, Av. Oj Used 
Min. Cc./Min. 

Post-Injection Period 
Time, Av, Oi Used 
Min, Cc./Min. 

Remarks 

M 

139 

20 

90 

4.0 

90 

3.5 

L.A.“ 

M 

140 

20 

120 

4.2 

105 

4.0 

L.A. 

M 

150 

20 

120 

3.75 

180 

4.0 

Quiet 60 min.; L.A. 120 min. 

L.A. throughout ’ 

F 

170 

20 

90 

3.0 

90 

2.5 

F 

160 

20 

120 

4.5 

150 

4.0 

L.A. throughout 

F 

160 

20 

90 

4.0 

120 

3.5 

L.A. throughout 

F 

130 

20 

120 

3.0 

150 

2.5 

L.A. throughout 

F 

162 

25 

150 

6.0 

150 

5.0 

L.A. throughout 

F 

115 

25 

90 

4.0 

210 

3.5 

Quiet 60 min.; L.A. 150 min. 

F 

92 

25 

150 

4.0 

210 

3.5 

Good relaxation 30 min.; L.A. 180 
Quiet 60 min.; Very L.A. 90 min. 
Quiet throughout 

F 

154 

25 

150 

5.0 

150 

4.0 

F 

110 

25 

150 

3.25 

210 

2.75 

F 

85 

25 

150 

2.50 

150 

2.0 

Asleep 60 rain. ; L.A. 90 min. 
Excitement throughout 

pi 

161 

25 

120 

3.75 

180 

5.0 

M*’ 

146 

25 

150 • 

3.50 

110 

4.5 

Quiet 30 min. ; Wild excit. 90 min. 

F 

110 

25 

150 

3.5 

150 

3.25 

Quiet 90 min.; L.A. 60 min. 

F 

123 

25 

120 

3.5 

240 

3.0 

Quiet 60 min.; L.A. ISO min. 

F 

186 

25 

120 

6.0 

150 

5.0 

L.A. throughout 

F" 

152 

25 

180 

4.5 

180 

4.5 

Mild excitation 90 min.; L.A. 90 min. 

F 

152 

25 

150 

5.0 

150 

4.5 

L.A. throughout 


120 

25 

120 

5.25 

120 

6.0 

Mild excitation throughout 

F 

157 

25 

120 

4.75 

120 

4.25 

Soraec-xcitationOOmin.; L.A. 60 rain. 

F 

151 

25 

90 

5.00 

90 

4.75 

L.A. throughout 

M 

144 

25 

150 

4.75 

120 

4.50 

Quiet 30 min.; L.A. 90 min. 

F 

141 

25 

180 

4.50 

. 210 

4.00 

Quiet 30 min.; L.A. ISO min. 

M 

183 

25 

ISO 

5.00 

ISO 

5.50 

Excitation 30 min.; Awake 150 min. 

M 

180 

25 

120 

5.25 

210 

5.00 

L.A. 90 min.; Awake 120 min. 


157 

25 

150 

4.75 

210 

4.50 

L.A. throughout _ 

M 

195 

25 

90 

5.00 

150 

4.50 

L.A. throughout 

F 

160 

25 

120 

4.00 

ISO 

3.25 

L.A. throughout 


* L,A. *» I^ight Anesthesia. 

^ These animals showed cxdtation rather than depression. 
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Table II.— Comparison of Effects of “Seconal Sodium” Injections on Oxygen Consumption Rate 
IN Male and Female Rats Separately and in Both Groups Together 


•Average Oxygen Consumption- 


No. of Rats 

Dose of Seconalt 

Pre-Iniection, 

Post-Injection, 

Change, 

and Sex 

Mg./Kg. 

Cc./Min. 

Cc./Min. 

Cc./Min. 

M— 3 

20 

4.00 

3.83 

-0.17 

F— 4 

20 

3.63 

3.13 

-0.50 

7 total 

20 

3.79 

3.43 

-0.36 

M— 4 

25 

4.94 

4.63 

-0.31 

F— 14 

25 

4.36 

3.77 

-0.59 

18 total 

25 

4.49 

3.96 

-0.53 

M— 3 

25 

4.58 

5.33 

-fO.75 

F— 2 

25 

4.13 

4.75 

-f-0.62 

5 total 

25 

4.40 

5.10 

-t-0.70 

25 

25 

4.47 

4.21 

-0.26 

30 

20 and 25 

4.50 

4.00 

-0.50 
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Fig. 3. — Showing that by a prolongation of the recorded observation periods, both for the control and 
experimental parts, reliable “average" rates of 0.xygen Consumption can be obtained. Each black bar at 
the base represents one-half hour interval of time. The sharp peaks in the records are due to spontaneous 
periodic increases of activity of the experimental rats. 


OaCONSOMTTIOfX 
c c.s. 


, IX/oRMAL 

1 

III 



^ /i, Hour:^ 


AFTER 30mg|h;j SCCOIVAL. 



Fig. 4. — (See legend for Figure 3.) 




Scientific Edition 


109 


in a few animals and thus increases their oxygen con- 
sumption rather than decreases it. We have found 
no marked changes in respiratory rates beyond those 
produced by the tranquilizing effect of the barbitu- 
rate. The rats showed sedation and light anesthetic 
effects of the drug. They could be easily aroused to 
activity by mechanical stimulation and they re- 
tained a good degree of skeletal muscle tone at the 
dosage levels indicated in Table I. The averages of 
the rate of Oj-consuraption per minute of the various 
groups of animals are shown separately in Table II. 
In 5 rats included in this series, where Seconal pro- 
duced slight excitation, the average Orconsumption 
rate increased from a normal of 4.4 cc. to 5.10 cc. per 
minute. There is a greater degree of depression of 
oxygen consumption in the female rats than in the 
males. 


CONCXUSIONS 

In conclusion, the results indicate that in 
the majority of rats a significant reduction 
in oxygen consumption (metabolic rate) 
occurs when subanesthetic doses of Sodium 
Seconal are injected subcutaneous!}^. In 
this paper the mechanism of the depressant 
effects of Seconal on oxygen consumption is 
not investigated. It also appears that 
Seconal, in the doses used, did not produce 
any changes in the respiratory rate and that 
muscular relaxation was not a contributory 
factor in the reduction of ox}'gen consump- 
tion under our experimental conditions. 
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The Lipolytic Activity of Pancreatin U. S. P.* 

By CHARLES W. BAUERt and EDWIN E. WILSON! 


A method of analysis which can be used suc- 
cessfully to determine the lipolytic activity of 
Pancreatin, U. S. P., is presented, 

TJancreatin U. S. P. contains the en- 
zymes steapsin, araylopsin, and trypsin. 
The U. S. P. gives the minimum standards 
required for amylopsin and trypsin, but 
gives no minimum lipolytic activity. The 
only pharmacopoeia requiring such standards 
is the British Pharmacopeia (4) which uses 
"tlie cream of fresh milk” as a substrate. 

It appears that the reasons for not giving 
the lipase activity of Pancreatin, U. S. P. 
are the following: 

(а) tlie inability to obtain a preparation 

witli a large amount of lipase ; 

(б) tlie lack of a good assay; and 
(c) the labile character of lipase. 

* Received Sept. 4, 1940, from the Massachusetts CoUcrc 
of Pharmacy, Boston. 

Presented to the Scientific Section, A. Pii. A., Pittsburgh 
meeting, I94C. 

t A.s.socmtc Professor of Chemistrj’, Mnssachnsetts College 
of Pliarmacy. 

4 This paper is based on n thesis presented to the Graduate 
Council of the ^Ia55achusctts College of Pliarroncy by Edvria 
E, Wilson, in p.'irlinl fulfillment of the rcquirenjcDts for the 
degree of Master of Science in Pharmacy. 


The object of this investigation is to de- 
termine the lipolytic activity of Pancreatin 
U. S. P. and to find a method of assay 
whereby uniform results may be obtained. 
The degree of activity which is to be de- 
termined will not be based upon physiologi- 
cal conditions. This determination is im- 
possible, since neither the length of time of 
the action of lipase in the animal body nor 
the influence of all the physiological activa- 
tors or inhibitors has as yet been deter- 
mined. For the same reasons minimum re- 
quirements given for trypsin and amylopsin 
in Pancreatin U. S. P. are not based upon the 
physiological action of these substances, and 
should not be so interpreted. It should be 
clearly understood that tlie degree of ac- 
tivity is merely determined under specific 
conditions suitable for anal}i;ical purposes, 
which may have little relationship to physio- 
logical conditions. 

The literature of the biochemical journals 
gives numerous methods for the assa}' of 
lipase. A number of the better-known 
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methods of determination were tried and 
abandoned. The assay formulated by WilT 
statter, Waldschmidt-Leitz, and Memmen 
(1), with certain modifications, was most 
satisfactorj’- for this investigation of U. S. P. 
Pancreatic lipol 5 d;ic activity. 

EXPERIMENTAL ANALYSIS 

The Lipolytic Activity of Pancreatin U. S. P. — 
The determination of pancreatic lipase, as formu- 
lated by Willstatter, Waldschmidt-Leitz, and Mem- 
men (I), is performed by titrating the liberated fatty 
acids produced as a result of the action of the fat- 
hydrolyzing enzyme steapsin, upon the substrate, 
olive oil, after digestion at 30° for one hour. The 
digestion mixture contains the enzyme preparation, 
ammonia-ammonium chloride buffer, calcium chlor- 
ide, albumin, and olive oil. This reaction mi.xture is 
titrated in an alcoholic medium with 0.1 N alcoholic 
potassium hydroxide, using thimolphthalein as the 
indicator. The amount of 0.1 N alkali used, cor- 
rected for control, is the amount required by- the 
liberated fqtty acids. Willstatter and co-workers 
then converted the amount of alkali used into per 
cent of fat split. The per cent of fat split was then 
translated into lipase units. One Lipase Unit is 
the amount of enzyme required under the conditions 
specified above to split 24% of 2.5 Gm. of olive oil 
of a saponification value of 185. 

If the splitting is more than 24%, the experiment 
should be repeated with one-half as much of the 
enzyme as was used before. If the splitting is less 
than 10%, the experiment should be repeated with 
twice as much enzyme. The percentage must be not 
less than 10% nor more than 24%; othenvise the 
Epase units cannot be determined. These limits 
have been incorrectly reported in many standard 
textbooks (3). 

The Accuracy of the Assay Method of Willstatter, 
Waldschmidt-Leitz, and Memmem. — The digestion 
mixture of Willstatter, composed of several %vater- 
insoluble substances, fails to give a reaction that is 
uniform for the entire period of digestion. The 
presence of a water-insoluble substrate would seem 
to militate against uniform digestion, and this as- 
sumption was confirmed experimentally. Upon 
repetition of the experiment, a series of divergent 
readings was obtained. The average titration value 
was 12.76 cc. The standard variation computed 
from these results was 1.12 cc. The presence of this 
sizable variation suggested the search for a satis- 
factory inert emulsifying agent which could be used 
to get more nearly uniform reactions and conse- 
quently more nearly comparable titration values. 

The Value of Bentonite in the Analysis of U. S. P. 
Pancreatic Lipolytic Activity. — ^After a search for 
inert emulsifying agents which would give more 
nearly homogeneous reaction mixtures, bentonite 
was found to be the most satisfactory substance 
tried. The use of a blank determination ruled out 
any effects that bentonite might have upon the re- 


agents which could possibly lead to an erroneous 
interpretation of enzymatic activity. 

Three cubic centimeters of Magma of Bentonite 
N. F. was used in place of the 3 cc. of water used by 
Willstatter. The use of bentonite reduced the 
standard variation from 1.12 cc. to 0.27 cc. 

The Amount of Pancreatin U. S. P. That Can Be 
Used to Determine Its Lipolytic Activity by the Will- 
statter Method in the Presence of Bentonite.— 
It was found that more than 400 mg. of Pancreatin 
U. S. P. in the presence of bentonite failed to give 
uniform results. This was also true in the absence 
of bentonite. Any amount between 200 and 400 
mg. of Pancreatin U. S. P. analyzed gave results 
from which a satisfactory and uniform curve could 
be plotted. 

The Effect of Bile Salts on the Titration Values in 
the Presence of Bentonite. — Bile salts produced a 
significant lipase activation when added to the di- 
gestion mixture at the start, if the medium was al- 
kaline; but the yellow color imparted to the reac- 
tion mixture, because of the bile salts, made it very 
difficult to get a sharp end point. Since a sufficient 
degree of lipase activity is obtained without the use 
of bile salts, and since the end point is more readily 
determined in the absence of them, it was deemed 
advisable to determine U. S. P. lipase activity with- 
out making further use of this impure activator. 

The Abandonment of Albumin as an Activator.— 
The influence of albumin on lipase activity is be- 
lieved to be something more than that of activation. 
Willstatter used albumin to compensate for the in- 
hibitory effect of certain unidentified substances 
found in pancreatic preparations. The use of al- 
bumin for this purpose is subject to criticism. In 
the first place, it is difficult to get two samples of 
albumin of identical composition. In the second 
place, Pancreatin U. S. P. contains a proteolytic 
enzyme which acts upon albumin to form acids 
which influence the titration value materially (2). 
Since the lipase activity is based upon the amount 
of alkali required to neutralize the acids produced 
as a result of lipolytic activity, every precaution 
must be taken to avoid the formation of acids in any 
other way. 

The titration values of lipase activity were suf- 
ficiently high in the absence of albumin to warrant 
its elimination, and the acidity so obtained is a true 
inde.x of the amount of fatty acids produced as a 
result of pancreatic lipolytic activity. 

The standard variation for the titration values in 
the presence of albumin and bentonite was found to 
be 0.27 cc. In the absence of albumin but in the 
presence of bentonite it was found to be 0.19 cc. 

The Effect of Various Amounts of Bentonite on 
Lipolytic Activity of Pancreatin U. S. P. in the Ab- 
sence of Albumin. — It appears that from 3 to 5 cc. 
of Magma of Bentonite N. F. produces the best 
results for analysis in the absence of albumin, and 
that this amount of bentonite has no appreciable ef- 
fect upon the enzyme. The chief value of the ben- 
tonite is the production of a uniform mixture, by 
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means of which more of the fat is brought into con- 
tact with the enzyme, and which consequently gives 
a higher titration value in a given period of time. 

The Amotmts of Panereatin XJ. S. P. That Can Be 
Used to Determine Its Lipolytic Activity in the Ab- 
sence of Albtunin but in the Presence of Bentonite. 
— It was found that more than 400 milligrams of a 
sample of Panereatin U. S, P. could not be used if 
the lipase content were to be determined by the 
Willstatter Method. It was thought to be advisable 
to determine the amount of Panereatin U. S. P. that 
could be assayed by this method in the absence of 
albumin but in the presence of bentonite. Here, too, 
it was found that 400 mg. was the upper limit that 
could be used to make this determination. 

A Comparison of the DiSerent Methods Used to 
Determine the Lipolytic Activity of a Sample of 
Panereatin U. S. P. — Bentonite favors the formation 
of a finely divided substrate, giving a higher degree 
of digestion and more nearly uniform results. It 
appears that albumin either activates the lipase, 
neutralizes the action of some inhibitory substance, 
or serves as a substrate for the proteolytic enzymes in 
panereatin. The increase in acidity may be due to 
either one or aU of these three actions of albumin. A 
comparison of the data obtained by different meth- 
ods of assay is shown in Table I. 


Table I. — A Comparison of Pancreatic Lipo- 
lytic Activity of Different Methods of Assay 


Method of Analysis Used 

Cc. of 0.1 N 
Alcoholic 
Potassium 
Hydroxide 


10.66 

Willstatter 

10.91 

Willstatter (with bentonite) 

8.31 

20.81 

20.00 

Willstatter (with bentonite but 

20.00 

17.36 

17.21 

without albumin) 

17.84 


The Influence of Ether on the Lipolytic Activity 
of Panereatin U. S. P. — In a scries of experiments, 
10 Gm. of Panereatin U. S. P. was shaken inter- 
mittently with 500 cc. of ether for twelve hours at 
room temperature. The suspension was filtered and 
both the filtrate and residue were assayed. The 
ether-soluble fraction showed no lipolytic activity. 

The ether insoluble fraction showed the same de- 
gree of lipolytic activity as that of an equal amount 
which had not been treated with ether. These re- 
sults indicate that pancreatic lipase is neither solu- 
ble nor is it destroyed to an appreciable extent by 
ether. This finding leads one to question the use 
of ether for the purpose of stopping lipolytic activity 
as is done in the Willstatter Assay. The data of 
these findings are shown in Tabic II, and contradict 
the literature on the subject (3), whicli states that 
ether stops the action of lipase. 

In a series of digestions, carried out as iu prerious 
experiments, the digestion mixture was washed with 


Table II. — The Lipase Activity of the Ether 
Insoluble Fraction of Pancreatin U. S. P. 



Mg. of 

Cc. of O.I jY 

Sample 

Pancreatin 

Potassium 

Analyzed 

Used 

Hydroxide 

Untreated sam- 

pie 

300 

16.07 

300 

16.07 

Ether insoluble 

fraction 

300 

15.06 


300 

14.35 


alcohol into a titration flask containing 20 cc. of 
ether. The mixture was made up to a volume of 
about 125 cc. with alcohol, and was titrated with 

0. 1 N alcoholic potassium hydro.xide. In the con- 
trol flasks, numbers 4, 5, and 6, (Table III), the pan- 
creatin was added just Before the titration. Flasks 

1, 2, and 3 were titrated one hour after adding the 
panereatin and were then allowed to sit for forty- 
eight hours at room temperature and again titrated. 
At the end of forty-eight hours additional potassium 
hydroxide was required to neutralize the acid which 
had been formed during this time. Flasks 7 and S 
were not titrated until they had sat for forty-eight 
hours at room temperature. 

From these titration values it may be seen that 
the ether does not destroy the lipase activity of Pan- 
creatin U. S. P. If, on the contrary, ether destroyed 
the lipase action then the readings should have been 
no greater for flasks 7 and 8 than the total titration 
values given for numbers 1, 2, and 3. These data 
suggest that the retarding effect in the first tliree 
flasks were due to either the alcoholic potassium hy- 
dro.xide or the pH of the solution. It is obyious 
from these findings that ether may retard, but it 
does not destroy, the lipolytic activity of Panereatin 
U. S. P. 


Table III, — The Effect of Ether on Lipolytic 
Activity 


Flask 

Mg. of 
Pan- 
crea- 

Cc. of 
Alkali 
after 1 Hr. 

Cc. of 
Alkali 
48 Hr. 
after 
Adding 

Total Cc. 
of 0.1 N 
Potassium 

No. 

tin 

Digestion 

Ether 

Hydroxide 

1 

300 

54.6 

3.2 

.57.8 

2 

300 

55.0 

5.1 

CO.l 

3 

300 

54.3 

3.2 

57.5 

4 (control) 

300 

33.4 

1.2 • 

34.6 

5 (control) 

300 

33.9 

1.5 

35,4 

0 (control) 

300 

34.1 

1.5 

35.0 

7 

300 


84.1 

84.1 

8 

300 


82. 5 

82. 5 


The Lipolytic Activity of Pancreatin U. S. P. in 
the Absence of a Buffer, but in the Presence of Ben- 
tonite. — Since bentonite was found to be an ef- 
ficient emulsifjang agent whose action as a buffer 
has not been tested, it was felt that it might serve a 
double purpose and that the ammonia-ammonium 
chloride buffer might advantageously be eliminated. 
However, the titration values obtained in the ab- 
sence of the ammonia-ammonium chloride buffer 
were too low for advantageous elimination. 
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An Improved Method of Analysis for the Deter- 
mination of Pancreatic Lipase. — Into a glass-stop- 
pered 50-cc. Erlenmeyer flask, introduce exactly 
2.5 Gm. of Olive Oil U. S. P., 3 cc. of Magma of 
Bentonite N. F., 0.5 cc of 2% calcium chloride solu- 
tion, and 2 cc. of buffer (0.66 cc. of normal am- 
monium hydroxide and 1.34 cc. of normal ammo- 
nium chloride). Rotate this mixture several times 
so as to produce a thick emulsion. Make the en- 
zyme preparation containing 300 rag. of pancreatin, 
up to 10 cc. vith distilled water; add this prepara- 
tion to the flask and agitate vigorously for one min- 
ute so as to emulsify thoroughly the mixture. Place 
this reaction mixture in a constant temperature bath 
adjusted to 30°. Exactly one hour after the intro- 
duction of the enzyme preparation, remove the 
flasks and the controls, wash their contents with 
Alcohol U. S. P. into larger flasks containing 20 cc. 
of ether so as to make a total volume of 125 cc. 
Add twelve drops of 1% thsmiolphthalein and titrate 
immediately rvith 0.1 N alcoholic potassium hy- 
droxide. 

Do not add the enzyme preparation to the control 
flasks until they are removed and ready for titra- 
tion. Subtract the titration of the control deter- 
mination from the enzyme-digestion mixture in 
order to get the amount of alkali that is used to neu- 
tralize the fatty acids as a result of lipolytic activity. 

The Lipase Activity of Commercial Samples of 
Pancreatin XJ. S. P. — To determine the lipase con- 
tent of commercial samples of pancreatin, samples 
were obtained from different drugstores. These 
preparations were manufactured by three different 
pharmaceutical houses from whom was ascertained 
the exact age of each sample. These samples had 
been opened and stored under various conditions. 
Some samples were powdery, light-cream-colored 
preparations, while others were caked and were dark 
brown in appearance. These samples were assayed 
by the method given above. The analyses indicate 
that the age of the sample is not the factor most 
significant of its lipolytic activity. The data in 
Table IV show that some of the older samples con- 
tained almost as much lipase as did the more recent. 


Table IV. — The Lipase Activity of 300-Mg. 
Samples of Pancreatin Coming from Various 
Manufacturers 


Sample 

No. 

Company 

Age in 
Mo. 

Cc. of q.I N 
Potassium 
Hydroxide 

1 

A 

15 

17.966 

2 

B 

15 

26.455 

3 

B 

13 

27.800 

4 

C 

72 

23.075 

5 

C 

36 

24.000 

6 

B 

180 

8.700 

7 

B 

>180 

1.050 


The analyses seem to indicate that Pancreatin 
U. S. P. contains enough steapsin to be included in 
the minimum requirements of the official definition. 
An official method of assay similar to the one used 
for these assays could then be adopted. 


RECOMMENDATION 

The data obtained in this investigation 
suggest the possibility of introducing the 
following paragraph into the official defini- 
tion of Pancreatin U. S. P. (5). 

The potency of Pancreatin U. S. P. shall 
be such that when assayed as directed it shall 
convert not less than its own weight of Olive 
Oil U. S. P. into fatty acids in one hour. 

The adoption of this paragraph would 
also require the introduction of an assay 
method, such as has been recorded in this 
thesis, into the official monograph of Pan- 
creatin U. S. P. 

SUMMARY 

1. Pancreatin U. S. P. has a measurable 
amount of lipolyrtic activity according to 
Willstatter’s method of analysis. 

2. The results of the assay of Pancreatin 
will vary in accordance with its age and 
method of analysis, 'and probably with the 
method of manufacture and storage. 

3. Bentonite is an inert emulsifying agent 
which is very useful in the determination of 
lipolyiic activity. 

4. Ether appears to have no effect upon 
lipolytic activity and may not be used to 
stop the reaction. However, the ether 
should be retained in the assay, because it 
dissolves the undigested olive oil and hence 
gives a clearer end point. 

5. The color produced by bile salt prepa- 
rations makes them undesirable activators 
in this determination. 

6. Albumin should not be used in this 
assay since it is acted upon by the proteoly- 
tic enzymes present in the pancreatin. 

7. A method of analysis has been worked 
out which can be used successfully to de- 
termine the lipolytic activitv of Pancreatin 
U. S. P. 
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A Critical Investigation of the Amylolytic Activity 
of Pancreatin and Extract of Malt* 

By CHARLES W. BAUERt and ALGIRD JOHN RASKAUSKASt 

The age of the product does not determine its amylolytic activity. A good appearing pancreatin 
eleven years old had a higher amylase activity than an off-colored, but recently manufactured, product. 
The dfficial definitions of pancreatin and extract of malt are misleading. The official definitions 
should give the time involved in the assays in order to give a truer picture of their enzymatic activities. 


iRCHHOFF(in 1814) was the first to record 
^ the effect of a biochemical catalyst when 
he observ^ed the influence of the glutinous 
component of wheat meal upon the con- 
version of starch to soluble carbohydrates. 
This phenomenon was later classified as enzy- 
matic activity by Kiihne (1S7S). A great 
deal of work has been done in determining 
amylolytic activity of substances since that 
time, yet the official method recorded in the 
United States Pharmacopceia for the amyl- 
ase activity of Pancreatin and Extract of 
Malt is still subject to considerable criti- 
cism. 

In order to evaluate the official assay 
method now in use a critical investigation of 
the substrate and its preparation, of the 
period of digestion, of the end point, of the 
temperature, and even of the official defini- 
tion should be made. Starch, without indi- 
cating its source, is the conventional sub- 
strate used in most qualitative and quanti- 
tative assays. The Pharmacopoeia specifies 
potato starch. Since the cheraistiy of the 
starches is not entirely understood, and since 
tliere are individual differences which mani- 
fest tliemselves in digestion experiments, the 
clioice of a particular starch in the Pharma- 
copoeia may be looked upon as worth while. 
The use of potato starch is based upon the 
findings of Graber (1). The tlieoi^’’ that 
starches are made up of different components 
in varjung proportions, some of which are 
attacked by one group of amylases and some 
b}^ otliers, makes tlic choice of the substrate 
even more important. Without specifying 


any botanical variety. Van Klinkenberg (2) 
asserts that starch is a mixture of 36 per cent 
a-starch and 64 per cent ^-starch. Kiilm 
(3) does not subscribe to the “mixture 
theory.” He believes that starch is a single 
molecule with a chain of alternating a and 
jS glucosidic linkages. Here again, the na- 
ture of the am3dase will determine whether it 
will attack the a or the /3 linkage which will 
materially influence the nature of the inter- 
mediary products. 

It has been fairly well established that 
starch consists of two substances, a-amylose 
or amylopectin, found in the outer layer of 
the granules and not readily dispersible in 
water, and ;S-amylose found in the interior 
and dispersible in water. Various workers 
have separated these two components and 
have reported yields of soluble amylose 
varying from 17 per cent to 98 per cent de- 
pending upon the method of separation. Ac- 
cording to Taylor and Iddles (4) tlie yield 
of a-amylose depends upon the botanical 
source of tlie starch. Potato starch gave 
the lowest yield of those varieties tried. This 
may explain why potato starch, according 
to Graber (1), is more readily converted into 
soluble carbohydrates by pancreatic amylase 
than are tlie other starches. 

Kiilm (3) made the important obsenm- 
tion that pancreatic and salivarj^ am3dases 
act upon starch to give primaril3^ a-maltose. 
He classified tliese enz3’'mes as tlie alpha 
t3'pe. He named anotlier group of amylases, 
obtained from sprouted and unsproutcd 
grains, the beta am3dascs, since tlie3'- act 
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formed as a result of the digestion of starch 
by an am 3 dase. 

2. ^Measurements of the decrease in vis- 
cosit}’' of the reaction mixtures. 

3. Observations of the changes in color 
given by the reaction mixtures when treated 
with iodine. 

4. Determination of residual amyloses. 

The United States Pharmacopceia recog- 
nizes the third method for the quantitative 
determination of amylase in Pancreatin and 
Extract of iMalt. An important objection 
to this method of analysis is that the assay 
metliods use different intervals of time for 
the digestion period. Although the inter\'al 
of time is given in each of the respective as- 
says, it. is not indicated in the official defi- 
nition of either. The quantitative values 
given in the official assays are indeed mis- 
leading. 

The object of this investigation is to find 
a more satisfactory method of analysis for 
amylase activity than that given by the 
United States Pharmacopceia, and to sug- 
gest changes in the monographs for Pancrea- 
tin and Extract of Malt which will avoid the 
misinterpretations which are now commonly 
made. The present monographs lead many 
to believe that Pancreatin contains about 
five times as much amylase as Extract of 
Malt, but the true ratio is about 30 to 1. 

EXPERIMENTAL 

The potato starch paste made by the official 
method eitlier under Pancreatin or Extract of Malt 
is a heterogeneous mixture which docs not give uni- 
form digestion. The color of the end point of the 
assay is very difficult to read accurately, and the 
error is thus magnified. Furthermore, no considera- 
tion is given to the influence of such factors as ac- 
tivators or the control of hydrogen ion concentra- 
tion. 

It was found that a more nearly homogeneous 
starcli paste could be obtained if, after being boiled, 
it was run through a hand homogenizer several 
times. The homogenized paste is less viscous than 
the official paste. A small amount of starch is lost 
in the homogenizing, ivhich can be corrected by add- 
ing 1% of potato starch to the original amount. If 
this is done the loss is negligible (about 0.1%). 

An alternate method is to make a paste by boiling 
5.025 Gm. of dry starch for five minutes with 125 
cc. of distilled water in a tared beaker of 250 cc. 
capacity. It is cooled to room temperature and 
enough distilled water is added to make the mixture 


weigh 150 Gm. One hundred grams of this paste 
(containing 3.175 Gm. of dry starch) is used. 

In the official assay of amylase activity on potato 
starch, the end of the reaction is indicated by the 
absence of a blue or violet color between the iodine 
and the starch digestion mixture. The starch diges- 
tion mixture reacts with iodine to give colors which 
vary from blue to violet, to various shades of red 
and pink; and as digestion proceeds they finally 
fade to the color of the standard iodine solution 
which is employed. The temperature of the iodine 
solution must be carefully controlled, since varying 
the temperature not only affects the time required 
to reach the official end point, but gives color varia- 
tions peculiar to the temperature employed. 

The assays were run according to the directions 
given in the United States Pharmacopoeia with dif- 
ferent temperatures of the iodine solution in order 
to determine the influence of this factor. 

It was found that the temperature of the iodine 
test solution plays an important role in determining 
the end point. The tests were made at fifteen-second 
intervals. 

The standard used was the blue solution obtained 
by adding 0.1 cc. of the digestion mixture (0.15 Gm. 
of pancreatin added to 3.75 Gm. of dry starch made 
into a paste and digested at 40° for five minutes) 
to the dilute iodine solution maintained at 24,8°. 

At 12° the starch iodine solution showed a dis- 
tinctly bluish green color which tended to go to 
blue. At 25° the solution was a decided blue, with a 
tendency toward purple as the digestion continued. 
At 38° the solution, even during the first few minutes 
of digestion, showed a red color which gradually 
faded. 

Table I shows the digestion time that is necessary 
in order to get the color with iodine that matches 
the standard. 

Table I. — Sensitivity of the Starch Iodine 
Reaction to Temperature Change 

Period, in Min., 
Digestion 


No. 

”0. of 
Reaction 
Mixture 

'’C. of 
Iodine 
Solution 

in Order to 
Reach the 
End Point 

1 

40 

12.5 

6.5 

2 

40 

15.3 

-.6.0 ■ 

3 

40 

18.6 

5.75 

4 

40 

24.8 

5.0 

5 

40 

32.0 

3.5 

6 

40 

38.5. 

1.5 


The United States Pharmacopoeia states that the 
temperature of the iodine test solution should be 
"23° to 25°. ” It is apparent that this temperature 
is important and must be maintained for compara- 
tive ivork, for any variations in the temperature of 
the iodine solution will materially influence the re- 
sults. 

It was found to be very difficult to match the 
colors considered to be the true end point. How- 
ever, the intensity of the colors could be compared 
satisfactorily. 
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The sensitivity of the homogenized starch iodine 
test was determined as follows: 1.0 Gm. of dry 
starch, accurately weighed, was made into a paste 
by boiling with 100 cc, of distilled water for five 
minutes. The paste was cooled to room temperature 
and homogenized, and distilled water was added to 
make 250 cc. Various dilutions of this preparation 
were made and treated with the dilute iodine solu- 
tion. The tests were made at room temperature 
(23°). The dilute iodine solution was made accord- 
ing to the Pharmacopceia and consisted of 0.2 cc. 
of 0.1 N iodine in 60 cc. of distilled water. 

While the starch iodine reaction could be de- 
tected in dilutions of 1 to 20,000 if observed in- 
stantly at the point of contact, it could not be de- 
tected when the two solutions were mixed as di- 
rected to be done in the Pharmacopoeia. In fact, 1 
part of starch in 2000 parts failed to give a positive 
test. 

Thus a considerable quantity of starch may be 
undigested and still fail to manifest itself by the of- 
ficial method of identification. 

Starch which had not been homogenized was also 
used. The difficulty of getting uniform dilutions 
and even distribution of the color produced made it 
impossible to record comparative values. 

The Effect of Light on the Starch-Iodine Color. — 
Willson (5) suggested that a reference sample of 
U. S. P. Pancreatin be chosen as a standard, and 
that the assays of unknown pancreatin preparations 
be compared with it. It is important to note the 
influence of light upon any color standard of this 
character. 

A typical blue color of the starch-iodine reaction 
was obtained by adding a small portion of a partially 
digested starch paste to the dilute iodine solution. 
This blue solution was divided into three portions. 

Portion A was placed directly in the sunlight. 
Portion B was kept in the room away from the direct 
rays of the sun but in diffused light. Portion C was 
kept in a dark locker when it was not employed as 
the standard. 

A comparison of portion C at the end of two hours 
with portion A at the end of the same period of time 
proved clearly that the color fades very greatly in 
direct sun light. This is true to a lesser extent in dif- 
fused light, yet it is significant in quantitative de- 
terminations, and indieates that the standard should 
not be made too far in advance. 

■ Determination of a Satisfactory End Point. — 
Sherman, Kendall, and Clark (6) determined the 
end point of starch digestion by using larger amounts 
of digestion mixture and iodine in a smaller volume 
than in the official assay. This intensifies the color 
before the end point is reached and makes tlic end 
point, where there is "no color which can be dis- 
tinguished from that of the untreated iodine solu- 
tion,” more definite. 

Experiments were made to determine if this end 
point could be used in the official assay of Pancrea- 
tin with the amounts of digestion mixture and iodine 
solution called for by the Pharmacopoeia. 


The use of larger quantities of starch than di- 
rected in the Pharmacopceia was also tried to deter- 
mine its value over a wide range of concentrations. 
Each succeeding assay contained 3.75 Gm. of addi- 
tional dry starch diluted in the same ratio as before, 
with an increase in weight of 100 Gm. over that used 
in the preceding assay. 

Digestion was considered complete, as directed 
in the Pharmacopceia, when "0.1 cc. of the digestion 
mixture, added to a previously made mixture of 0.2 
cc.of 0.1 iodine in 60 cc. of distilled water,” showed 
as indicated by Sherman, Kendall, and Clark (6) 
"when viewed against a white background, no color 
which can be distinguished from that of the un- 
treated iodine solution.” This is the Sherman, 
Kendall, and Clark (6) end point using concentra- 
tions of digestion mixture and iodine solution called 
for by the Pharmacopoeia. 

Table II. — Determination of the Time Re- 
quired FOR THE Digestion of Varying Amounts 
OF Starch Using a Modified Sherman, Kendall, 
and Clark (6) End Point 


No. 

Pan- 

creatin 

Gm. Dry 
Starch 

Total 
Wt. of 
Mixture, 
Gm. 

Time, 
in Min., 
Required 
for 

Digestion 

1 

150 

3.75 

. 100 

8. 

2 

150 

7.50 

200 

20 

3 

150 

11.25 

300 

36 

4 

150 

15.00 

400 

50 

5 

150 

18.75 

500 

61 

6 

150 

22.50 

600 

75 

7 

150 

26.25 

700 

101 

8 

150 

30.00 

800 

109 


It will be recalled that in the official method the 
end point is considered reached when no blue or 
violet color is produced, but the allowance of some 
color makes it very indefinite. 

It takes the digestion mixture a longer period of 
time to attain the end point of Sherman, Kendall, 
and Clark (6) than that given in the Pharmacopceia 
for its end point. However, it was found that the 
eight minutes required to reach the end point by 
this method is comparable to the amount of Pan- 
creatin which takes five minutes by the method of 
the United States Pharmacopceia, and is much 
easier to see. 

The experimental data giving the time required 
to reach this end point not only by using the amount 
of starch indicated in the Pharmacopoeia but in 
greater concentrations are recorded in Table II, 
from which it appears that reaction number 1 is 
the best to use. 

A Modification of the Official Assay. — Upon the 
strength of the experimental evidence conccniing 
the use of homogenized starch, and the modification 
of the Shcnn.an, Kcnd.all, and Clark (0) end point, 
the following changes were made in the official as- 
s.ay: 

Instcad of 3.75 Gm. directed in the official ass.ay, 
3.7SS Gm. of homogenized potato starch was used. 
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formed as a result of the digestion of starch 
by an amylase. 

2. jNIeasurements of tlie decrease in vis- 
cosity of the reaction mixtures. 

3. ObseiA'ations of the changes in color 
given by the reaction mixtures when treated 
with iodine. 

4. Determination of residual am 3 doses. 

The United States Pharmacopoeia recog- 
nizes the third method for the quantitative 
determination of amjdase in Pancreatin and 
Extract of Malt. An important objection 
to this method of analysis is that the assay 
methods use different inter\’-als of time for 
tlie digestion period. Although the interval 
of time is given in each of the respective as- 
says, it. is not indicated in the official defi- 
nition of either. The quantitative values 
given in the official assays are indeed mis- 
leading. 

The object of this investigation is to find 
a more satisfactory method of analysis for 
amylase activity than that given by the 
United States Pharmacopoeia, and to sug- 
gest changes in the monographs for Pancrea- 
tin and Extract of Malt which will avoid the 
misinterpretations which are now commonly 
made. The present monographs lead many 
to believe that Pancreatin contains about 
five times as much amylase as Extract of 
Malt, but the true ratio is about 30 to 1. 

EXPERIMENTAL 

The potato starch paste made by the official 
method citlicr under Pancreatin or Extract of Malt 
is a heterogeneous mixture which does not give uni- 
form digestion. The color of the end point of the 
assay is very difficult to read accurately, and the 
error is thus magnified. Furthermore, no considera- 
tion is given to the influence of such factors as ac- 
tivators or the control of hydrogen ion concentra- 
tion. 

It was found that a more nearly homogeneous 
starch paste could be obtained if, after being boiled, 
it was run through a hand homogenizer several 
times. The homogenized paste is less viscous than 
the official paste. A small amount of starch is lost 
in the homogenizing, which can be corrected by add- 
ing 1% of potato starch to the original amount. If 
this is done the loss is negligible (about 0.1%). 

An alternate method is to make a paste by boiling 
5.625 Gm. of drj’ starch for five minutes with 125 
cc. of distilled water in a tared beaker of 250 cc. 
capacity. It is cooled to room temperature and 
enough distilled water is added to make the mixture 


■weigh 150 Gm. One hundred grams of this paste 
(containing 3.175 Gm. of dry starch) is used. 

In the official assay of amylase activity on potato 
starch, the end of the reaction is indicated by the 
absence of a blue or -violet color between the iodine 
and the starch digestion mixture. The starch diges- 
tion mixture reacts with iodine to give colors which 
vary from blue to violet, to various shades of red 
and pink; and as digestion proceeds they finally 
fade to the color of the standard iodine solution 
which is employed. The temperature of the iodine 
solution must be carefully controlled, since varydiig 
the temperature not only affects the time required 
to reach the official end point, but gives color varia- 
tions peculiar to the temperature employed. 

The assays w'ere run according to the directions 
given in the United States Pharmacopoeia with dif- 
ferent temperatures of the iodine solution in order 
to determine the influence of this factor. 

It was found that the temperature of the iodine 
test solution plays an important role in determining 
the end point. The tests were made at fifteen-second 
intervals. 

The standard used was the blue solution obtained 
by adding 0.1 cc. of the digestion mixture (0.15 Gm. 
of pancreatin added to 3.75 Gm. of dry starch made 
into a paste and digested at 40° for five minutes) 
to the dilute iodine solution maintained at 24.8°. 

At 12° the starch iodine solution showed a dis- 
tinctly bluish green color which tended to go to 
blue. At 25° the solution was a decided blue, with a 
tendency toward purple as the digestion continued. 
At 38° the solution, even during the first few minutes 
of digestion, showed a red color which gradually 
faded. 

Table I shows the digestion time that is necessary 
in order to get the color with iodine that matches 
the standard. 


Table I.- — Sensitivity of the Starch Iodine 
Reaction to Temperature Change 


No. 

°C. of 
Reaction 
Mixture 

''C. of 
Iodine 
Solution 

Period, in Min., 
DiRestion 
in Order to 
Reach the 
End point 

1 

40 

12.5 

6.5 

2 

40 

15.3 

-6.0 ■ 

3 

40 

18.6 

5.75 

4 

40 

24.8 

5.0 

5 

40 

32.0 

3.5 

6 

40 

38.5- 

1.5 


The United States Pharmacopoeia states that the 
temperature of the iodine test solution should he 
"23° to 25°. ” It is apparent that this temperature 
is important and must be maintained for compara- 
tive work, for any variations in the temperature of 
the iodine solution will materially influence the re- 
sults. 

It was found to be very difficult to match the 
colors considered to be the true end point. How- 
ever, the intensity of the colors could be compared 
satisfactorily. 
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The sensitivity of the homogenized starch iodine 
test was determined as follows: 1.0 Gm. of dry 
starch, accurately weighed, was made into a paste 
by boiling with 100 cc. of distilled water for five 
minutes. The paste was cooled to room temperature 
and homogenized, and distilled water was added to 
make 250 cc. Various dilutions of this preparation 
were made and treated with the dilute iodine solu- 
tion. The tests were made at room temperature 
(23°). The dilute iodine solution was made accord- 
ing to the Pharmacopceia and consisted of 0.2 cc. 
of 0.1 N iodine in 60 cc. of distilled water. 

VTiile the starch iodine reaction could be de- 
tected in dilutions of 1 to 20,000 if observed in- 
stantly at the point of contact, it could not be de- 
tected when the two solutions were mixed as di- 
rected to be done in the Pharmacopoeia. In fact, 1 
part of starch in 2000 parts failed to give a positive 
test. 

Thus a considerable quantity of starch may be 
undigested and still fail to manifest itself by the of- 
ficial method of identification. 

Starch which had not been homogenized was also 
used. The difficulty of getting uniform dilutions 
and even distribution of the color produced made it 
impossible to record comparative values. 

The Effect of Light on the Starch-Iodine Color. — 
Willson (5) suggested that a reference sample of 
U. S. P. Pancreatin be chosen as a standard, and 
that the assays of unknown pancreatin preparations 
be compared with it. It is important to note the 
influence of light upon any color standard of this 
character. 

A typical blue color of the starch-iodine reaction 
was obtained by adding a small portion of a partially 
digested starch paste to the dilute iodine solution. 
This blue solution was divided into three portions. 

Portion A was placed directly in the sunlight. 
Portion B was kept in the room away from the direct 
rays of the sun but in diffused light. Portion C was 
kept in a dark locker when it was not employed as 
the standard. 

A comparison of portion C at the end of two hours 
with portion A at the end of the same period of time 
proved clearly that the color fades very greatly in 
direct sun light. This is true to a lesser extent in dif- 
fused light, j’ct it is significant in quantitative de- 
tenninations, and indicates that the standard should 
not be made too far in advance. 

Determination of a Satisfactory End Point. — 
Sherman, Kendall, and Clark (6) determined the 
end point of starch digestion by using larger amounts 
of digestion mixture and iodine in a smaller volume 
than in the official assay. This intensifies the color 
before the end point is reached and makes the end 
point, where there is "no color which can be dis- 
tinguished from that of the untreated iodine solu- 
tion,” more definite. 

Experiments were made to determine if this end 
point could be used in the official assay of Pancrca- 
tin with the amounts of digestion mixture and iodine 
solution called for by the Pharmacopoeia. 


The use of larger quantities of starch than di- 
rected in the Pharmacopoeia was also tried to deter- 
mine its value over a wide range of concentrations. 
Each succeeding assay contained 3.75 Gm. of addi- 
tional dry starch diluted in the same ratio as before, 
with an increase in weight of 100 Gm. over that used 
in the preceding assay. 

Digestion was considered complete, as directed 
in the Pharmacopoeia, when "0.1 cc. of the digestion 
mixture, added to a previously made mixture of 0.2 
cc.of 0.1 iodine in 60 cc. of distilled water," showed 
as indicated by Sherman, Kendall, and Clark (6) 
“when viewed against a white background, no color 
which can be distinguished from that of the un- 
treated iodine solution.” This is the Sherman, 
Kendall, and Clark (6) end point using concentra- 
tions of digestion mixtiue and iodine solution called 
for by the Pharmacopoeia. 

Table II. — Deterjhnation of the Time Re- 
quired FOR THE Digestion of Varying Amounts 
OF Starch Using a Modified Sherjian, Kendall, 
AND Clark (6) End Point 


No. 

Me. 

Pan- 

creatin 

Gm. Dry 
Starch 

Total 
Wt. of 
Mixture, 
Gm. 

Time, 
in Min., 
Required 
for 

Digestion 

1 

150 

3.75 

, 100 

s. 

2 

150 

7.50 

200 

20 

3 

150 

11.25 

300 

36 

4 

150 

15.00 

400 

50 

5 

150 

18.75 

500 

61 

6 

150 

22.50 

600 

7o 

7 

150 

26.25 

700 

101 

8 

150 

30.00 

800 

109 


It will be recalled that in the official method the 
end point is considered reached when no blue or 
violet color is produced, but the allowance of some 
color makes it very indefinite. 

It takes the digestion mixture a longer period of 
time to attain the end point of Sherman, Kendall, 
and Clark (6) than that given in the Pharmacopoeia 
for its end point. However, it was found that the 
eight minutes required to reach the end point by 
this method is comparable to the amount of Pan- 
creatin which takes five minutes by the method of 
the United States Pharmacopmia, and is much 
easier to see. 

The experimental data giving tlie time required 
to reach this end point not only by using the amount 
of starch indicated in the Pharmacopoeia but in 
greater concentrations are recorded in Table II, 
from which it appears that reaction number 1 is 
the best to use. 

A Modification of the Official Assay. — Upon the 
strcngtli of the experimental evidence conccniing 
the use of homogenized starch, and the modification 
of the Sherman, Kendall, and Clark (0) end point, 
the following changes were made in the official as- 
say; 

Instead of 3.75 Gm. directed in the official assay, 
3.(88 Gm. of homogenized potato starch was used. 



116 


Journal of the American Pharmaceutical Association 


The total weight of the mixture was increased from 
100 to ISO Gm. to allow for the rinsing of the homo- 
genizer. 

R'ater, prer-iouslv heated to boiling, instead of 
the temperature of 50° to 60° was found to hasten 
the gelatinization of the starch and to prevent the 
formation of a tough paste at the bottom of the 
beaker. This paste is not only difficult to homo- 
genize, but is not readily digestible. 

The modified end point of Sherman, Kendall, 
and Clark (0) was employed. The italicized por- 
tion of the following monograph indicates the ex- 
tent to which the official assay was modified. 

“Determine the percentage of moisture in potato 
starch by drying 0.5 Gm. accurately weighed at 
120° for four hours. Thoroughly mix a quantity of 
the starch, equivalent to 3.7SS G7n. of dry starch 
{3.73 Cm. plus 1%) with 10 cc. of cold distilled water. 
Add the mixture with constant stirring to 75 cc. of 
distilled water, previously heated to boilhig, contained 
in a 250 cc. beaker. Rinse the remaining starch 
into the beaker with 10 cc. of distilled water, and boil 
it gently for five minutes or until a translucent uni- 
form paste is formed. Cool to room temperature. 
Run it through a hand honiogeniser three times, col- 
lecting it in a tared 230 cc. beaker. Pour several 20 
cc. portions of hot distilled water into the homogenizer, 
in order to remove the remainder of the starch paste, 
and add the rinsings to the paste in the beaker. Add 
enough distilled water to make the mixture weigh 130 
Gm. 

"Warm the paste to 40° and place the beaker in a 
water bath maintained at 40°. Suspend 0.15 Gra. 
of pancreatin in 5 cc. of distilled water and add the 
suspension to the starch paste, mixing it well by 
pouring the mixture from beaker to beaker for 30 
seconds, noting the time when the pancreatin sus- 
pension was added to the starch. Maintain the 
mixture at 40° for exactly eight minutes. At once 
add 0.1 cc. of the starch pancreatin mixture into a 
previously made mixture of 0.2 cc. of 0.1 A'^ iodine 
in 60 cc. of distilled water. IVheti viewed against a 
white background, there should be no color which can 
be distinguished from that of the untreated iodine solu- 
tion." 

The Preparation of p-Amylose. — Sherman and 
Baker (7) found that pancreatic amylase produced 
sugar more rapidly from S-amylose than from a- 
amylose. They also found that in the early stages 
of digestion malt amylase showed a greater yield 
from a-amylose than from /3-amyIose. 

In order to see if any appreciable difference in the 
actinty of pancreatic amylase could be obtained by 
using ff-amylose in place of whole starch, a method 
of obtaining this component was needed. The liter- 
ature gives various methods which are employed for 
the separation of the components of potato starch. 

Gruzewska (S) effected a separation by treating 
potato starch with dilute alkali, and after neutraliza- 
tion and sedimentation, decanting the dissolved 
amylose from the residue of amylopectin. The 
araylose represented 40—45% of the original starch. 


By treatment of potato starch with hot water, 
sedimentation, and decantation, Tanret (9) esti- 
mated 27% of amylose. 

Sherman and Baker (7) subjected a thin paste of 
potato starch to centrifugal force, and obtained 
about 15% in beta amylose form. 

Samec and Mayer (10) electrodiclyzed a dispersion 
of potato starch prepared at 120°. The amylose 
fraction represented 17%. 

Ling and Nanji (11) fractionated potato starch by 
freezing a paste, and after melting the frozen mass, 
separated the solution of amylose from the amylo- 
pectin by centrifuging. 

Taylor and Iddles (4) disintegrated starch grains, 
previously treated with hydrogen chloride in alcohol, 
with ammonium thiocyanate solution, then precip- 
itating with alcohol and subjecting the precipitate 
to ultra-filtration or dialysis. The jdeld of soluble 
amylose was 97-98%. 

Baldwin (12) effected separation by gelatinizing, 
freezing, and performing a series of extractions. 

A rapid and satisfactory method was found tvhich 
consisted of boiling a 2.5% starch paste for thirty 
minutes to rupture the granules. The paste was then 
precipitated with alcohol, dried, and powdered. 
The soluble amylose was separated from the insolu- 
ble component by allowing to stand in cold water, 
decanting, and boiling the aqueous solution to con- 
centrate the fi-araylose. The insoluble a-amylose 
was washed free of d-amylose, precipitated, dried, 
and powdered. A yield of about 36.5% of 8-amy- 
lose was obtained. 

A Detailed Method of Separating Potato Starch 
into Alpha and Beta Amylose. — Thoroughly mix a 
quantity of starch equivalent to 10.0 Gm. of dry 
starch U. S. P. with 50 cc. of cold distilled water, 
and add, with constant stirring, to a sufficient 
amount of boiling distilled water to make 350 cc. 
Rinse the remaining starch into the beaker with two 
25-cc. portions of distilled water and boil gently 
with constant stirring for thirty minutes. Add dis- 
tilled water when necessary to maintain the original 
volume. Allow the paste to cool to room tempera- 
ture. Transfer the paste to a 2000-cc. Erlenmeycr 
flask, using 50 cc. of distilled water to remove the 
remainder of the paste from the beaker. Now super- 
impose over the starch paste 500 cc. of 95% alcohol, 
stopper the flask and shake vigorously until the 
starch is completely precipitated. Filter and allow 
the precipitate to dry for twelve hours at 05°. 
Grind the dry altered starch in a mortar, and pass 
the powder through a number 100 sieve. 

Weigh about 5 Gm. of the altered starch and 
sprinkle it with constant stirring into 500 cc. of cold 
distilled water in a 2000-cc. beaker. Add enough 
water to this mixture to make the final volume meas- 
ure about 1000 cc. and let it settle for twenty-four 
hours. Decant the clear supernatant liquid and 
concentrate it by boiling to a volume of about 200 
cc. or until the fl-araylose will be precipitated with 
an equal volume of alcohol. Precipitate the B- 
amylose with 200 cc. of 95% alcohol and dry it at 
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65°. Powder the precipitate so that it will pass 
through a number 100 sieve. This was used as the 
;8-amylose in succeeding work. 

Saccharogenic Activity of Pancreatin Using Dif- 
ferent Substrates. — In addition to 6-araylose, potato 
starch, corn starch, and soluble starch were used. 

The method of analysis used was based on the 
amount of maltose produced from a given amount 
of substrate in a given unit of time. It is essentially 
the method of Willstatter, Waldschmidt-Leitz, and 
Hesse (13). These authors used soluble starch as 
the substrate. The different substrates being tested 
were prepared by making one per cent pastes and 
boiling for five minutes. 

It was found that the different substrates gave no 
appreciable difference in the amount of maltose pro- 
duced. There appears to be no advantage in using 
S-amylose for this determination. If any conclu- 
sions could be drawn from these findings, the chief 
one would be that d-amylose is slightly inferior to 
the other substrates used. The experimental data 
are recorded in Table III. 


Table III. — Saccharogenic Activity of Pan- 
creatin Using Various Starch Substrates 


Substrate 

„ Mg. . 
Pancreatin 

Cc. 0.1 AT 
Iodine 

Mg. 

Maltose 

Homogenized 
potato starch 

5 

4.09 

70.14 

Potato Starch 

5 

4.15 

71.17 

Corn Starch 

5 

4.27 

73.23 

Soluble Starch 

5 

4.07 

69.80 

d-Amylose 

5 

3.40 

58.31 


The Amylase Activity of Different Samples of 
Pancreatin. — During the course of the experiments 
it was noted that many of the older samples of pan- 
creatin had caked and had assumed a darker color 
than usual. Experiments were made to compare 
the amylolytic activity of the older samples with 
several fairly fresh samples of pancreatin. 

In order to determine accurately the loss in amylo- 
lytic activity due to aging, it would be necessary to 
store a sample of pancreatin under a certain set of 
conditions, and to determine its activity from time 
to time. Since this was impractical, several com- 
mercial samples of pancreatin were obtained from 
different drugstores in the vicinity. These samples 
varied in age from eleven months to fifteen years 
and came from three different phannaceutical 
houses. The conditions under which the samples 
were stored no doubt varied considerably, since some 
of the samples were typical cream-colored powders, 
while other samples were caked, and of a deep brown 
color. 

The activities of these samples of pancreatin were 
tested by the method of Willstatter, Waldschmidt- 
Leitz, and Hesse (13). The only change from the 
original assay was that a 1% homogenized potato 
starch paste, which had been boiled for five minutes. 
Has used in place of the soluble starch suggested by 
the authors. 


One hundred milligrams of pancreatin was sus- 
pended in 100 cc. of distilled water, and 5 cc. of this 
suspension was added to the substrate. 

The pancreatin assayed by the above method 
showed an irregular drop in amylase activity as the 
ages of the samples increased. These findings fail to 
establish any reasons for the irregularity in amylase 
content. It appears that the age of the sample is of 
minor consequence, since properly stored samples, 
judged by their physical appearance, of 16, 63, 60 
106, and 132 months of age had practically the same 
enzyme activity. The samples which were caked 
and brown in color gave a lower amylolytic acthfity. 
Whether these samples were inferior to begin with 
or changed in appearance and amj'lolytic actmty 
because of improper storage could not be deter- 
mined. Nevertheless, it appears that Pancreatin 
which has caked or is dark brown in color does not 
have the amylolytic activity which is found in the 
dry, powdery, light-cream-colored samples. 

The experimental work is tabulated to show the 
source of pancreatin, as derived from companies 
"A," “B,” and "C," and may be seen in Table IV. 


Table IV. — Determination of the Amylase 
Activity of Samples op Pancreatin from Dif- 
ferent Companies 




Age 

Cc. 0.1 jV 

Mg. 

. Co. 

No. 

Mo. 

lodiue 

Maltose 

A 

I 

39 

4.53 

77.69 

A 

2 

53 

4.68 

80.20 

A 

3 

93 

4.58 

78.55 

A 

4 

98 

5.58 

78.55 

B 

5 

60 

4.47 

81.29 

B 

6 

60 

4.74 

81.29 

B 

7 

96 

• 4.69 

80 43 

B 

8 

120 

3.14 

63.85 

B 

9 

132 

4.64 

79.58 

B 

10 

156 

4.02 

08.94 

C 

11 

15 

3.55 

60.88 

C 

12 

16 

4.74 

81.29 

C 

13 

28 

3.24 

55.57 

C 

14 

47 

3.19 

54.71 

C 

15 

69 

4.12 

70.60 

C 

16 

82 

4.58 

80.65 

C 

17 

133 

0.67 

11.49 

C 

18 

142 

0.31 

5.32 

C 

19 

ISO 

0.31 

5.32 


SUMMARY 

1. The heterogeneous character of the 
potato stardi paste in tlie United States 
Pharmacopoeia for tlie assay of amylase ac- 
tivity under Pancreatin makes it veiy” dif- 
ficult to get uniform reaction mi.xturcs. 
This condition may be greatl}' improved b)' 
homogenizing the starch paste. 

2. The starcli iodine end point of the of- 
ficial assay is unsatisfactoiy- for tlie following 
reasons; 

(a) One part of stardi in a 2000 dilu- 
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tion cannot be differentiated from the 
standard iodine solution. 

{b) The starch iodine reaction is very - 
sensitive to light. 

(c) The temperature of the iodine 
solution not only influences the color and 
intensity, but also the time involved in 
reaching the end point. 

(d) The end point is not a true indica- 
tor of amylase activity, since it does not 
register the termination of this hydrolytic 
reaction. 

3. Pancreatic amylase is relatively 
stable over long periods of time when prop- 
erly stored. Samples of good appearance 
varying in age from sixteen months to eleven 
years had practically the same enzyme ac- 
tivity. Other samples of similar age but of 
poor appearance had a much lower activity. 

4. If tlie official assay is retained, it is 
recommended that the following modifica- 
tions of tlie official monograph of Pancreatin 
be made: 

(a) The starch paste used should be 
homogenized. There is no good reason 
to insist on the use of potato starch. 

(b) The wording of the end point "no 
blue or violet color is produced” be changed 
to 110 color is Produced which can be dis- 
tinguished from that of the untreated iodine 
solution. 

(c) The official definition of amylase 
activity, wherein it states “Pancreatin 
converts not less than 25 times its weight of 
starch into soluble carbohydrates,” be modi- 
fied by adding the phrase, "in 5 minutes.” 

(d) It is further suggested that these 


modifications be observed in the official 
assay of Extract of Malt and that tlie 
definition of amylase activity for this 
preparation be modified to read, Extract 
of Malt is capable of converting not less than 
five times its weight of starch into water 
soluble sugars in 30 minutes. 


5. The modifications suggested in 4 c. 
and d. should be adopted in order to avoid 
the misinterpretation which is commonly 
made because the time element is not con- 
spicuously recorded. 

6. The substitution of different starehes 
or components of starch for the soluble 
starch by the method of Willstatter, Wald- 
schmidt-Leitz, and Hesse (13) gave prac- 
tically the same pancreatic amylolytic ac- 
tivity. This is an advantage over the official 
method which specifies the use of potato 
starch. Furthermore the use of activators, 
the control of pH, and the determination of 
the amount of maltose as the end product 
give this method added advantages over the 
official method. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dearborn 
Streets, Chicago, 111., seeks information on sources of supply for the following chemicals: 


/-Ornithine 

Sparassol 

G-Methylsalicylic acid 

Papaveraldine 

Laudanosine 

Codamine 

Camegine 

Pellotine 

d- and /-Arabitol 

Trihydroxyglutaric acid 


Phosphopyruvic acid 

(//-Phenylglyceric acid 

Pregnanediol 

Isoandrosterone 

Dchydroandrosterone 

2-Aminobutyrolactone hydrobromidc 

5-Chloropentanone-2 

Emetine 

Dimethylhydroxylamine 
d- and (//-Cysteine hydrochloride 
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A Study of the Tryptic Activity of Pancreatin U. S. P.* 

By CHARLES W. BAUERt and ARTHUR K. WHITE! 


The official assay for pancreatic trypsin is not 
an assay for a single enzyme but for a mixture 
of proteolytic enzymes. Many samples la- 
beled Pancreatin U. S. P. possess three times 
the minimum U. S. P, trypsin requirements. 
Triple-strength pancreatin is frequently no 
stronger than ordinary U. S. P. Pancreatin. 

"Pancreatin is described in the United 

States Pharmacopoeia as “a substance 
containing enzymes, principally pancreatic 
amylase, trypsin, and pancreatic lipase, ob- 
tained from the fresh pancreas of the hog 
Without mentioning trypsin di- 
rectly, but only by inference, the monograph 
further states that “pancreatin converts 
not less than 25 times its weight of casein 
into proteoses.” 

“Trypsin” is the name coined by Kiihne 
(1) in 1867 for a proteol}dic enzjune found in 
pancreatic juice. It means “a substance that 
cleaves.” Kiihne also used the name “Pan- 
creatin” for the tx 3 rpsin-containing precipi- 
tate that he obtained when he treated the 
pancreatic extract with alcohol. 

The proteolytic effect of pancreatic juice 
was first recognized by Purkinje and Pappen- 
heim (2) as early as 1836. A more compre- 
hensive study than theirs of the effect of 
pancreatic juice on egg albumin was made 
by Corvisart (3) in 1856. However, it re- 
mained for Kiihne (1) and his co-workers to 
recognize the fact that the proteolytic en- 
zyme or enzymes in pancreatic juice carried 
tlie decomposition of egg albumin beyond 
the peptone stage. They found that leucine 
and tyrosine were among the products of 
decomposition when peptones were treated 
with either pancreatic juice or minced pan- 
creatic extract. 

Northrop and Kunitz (4) obtained a 
cry^stalline proteolytic enzyme from tlie pan- 
creas of cattle in 1932. They retained tlie 

♦ Received Sept. 4, 194G, from the Massachusetts College 
of Pharmacy, Boston. 

Presented to the Scientific Section, A. Pit. A., Pittsburgh 
meeting, 1940. 

t Associate Professor of Chemistrj% Massachusetts College 
of Pliarmacy. 

X This paper 5s based on a thesis presented to the Graduate 
Council of the Massachusetts College of Pharmacy bj’ Arthur 
K. White, in partial fulfillment of the requirements for the 
degree of Master of Science in Pharmacy, 


name “Trypsin” to designate “the most im- 
portant proteinase” found in the pancreas. 

The trypsin foimd in Pancreatin U. S. P. 
is the proteolydic enzymes, that convert a 
special preparation of casein into decompo- 
sition products that are not precipitated by 
a specially prepared mixture of acetic acid 
and alcohol. The official assays is based upon 
the formation of proteoses by this process; 
but since try^psin, as Kiihne (1) has shown, 
actually converts proteoses into simpler 
compounds, it appears advisable to base the 
assay, not upon proteoses, as is done in the 
Pharmacopceia, but upon the simpler com- 
pounds beymnd the proteose stage, the amino 
acids. These can be assayed by’’ Sdrenson’s 
Formol Titration Method (6). 

The assay methods for try>-psin found in 
pharmaceutical literature are varied and dif- 
ficult to interpret. For example, the United 
States Pharmacopceia states that pancreatin 
will digest 25 times its oiro weight of casein 
into proteoses. New and Nonofficial Reme- 
dies (1941) states that one part of Try^psin- 
Armour “digests at least 100 parts of casein 
according to the Fuld-Gross method.” 
Trypsin-Faircliild, according to tlie same 
authority, when treated by the Fuld-Gross 
method will convert “200 times its weight 
of casein to the standard end-point." From 
these statements one may be led to believe 
that the latter preparation is 8 times as 
potent as Pancreatin U. S. P. even though 
the assertion is not directly’’ made. Wdien 
these preparations are assayed by identical 
metliods, as by the Formol Titration 
Metliod, a true comparison can be made, 
and it will be found tliat the potencies of 
these preparations do not vary' in the pro- 
portion implied. 

The assay method of try'psin given in tlie 
United States Pharmacopceia under pan- 
creatin is based upon the digestion of casein 
by proteolydic enzymics for a definite period 
of time, to the stage where the digestion mix- 
ture fails to give a precipitate when treated 
with a specially' prepared mixture of acetic 
acid and alcohol. The acetic acid mixture 
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first powdered and sifted through a number 100 
mesh sieve before it was treated with the solvent. 
Wlicn this powder was used a good suspension was 
formed, which was used with consistently satisfac- 
tory results Pancrcatin U. S. P. was assayed for 
casein digestive power with four different samples of 
casein by this modified method with nearly identical 
results. This indicates that the commercial samples 
of casein are similar in character to one another, 
and that they will give nearly homogeneous suspen- 
sions if the casein is first powdered and passed 
through a number 100 mesh sieve. All the experi- 
mental work, however, which followed, was done 
upon the same sample of casein. 

Since it is impossible to put casein into solution 
by the U. S. P. method or by the Willson method, it 
appears advisable to modify the accepted procedure 
in order to bring about a more nearly homogeneous 
suspension of this substrate. 

The Tryptic Activity of Various Samples of Com- 
mercial Pancreatin. — The discovery of pancreatic 
fibrosis and the renewed interest in pancreatic ther- 
apy for this condition, i.e., the inability to secrete 
trypsin, make it very important to know the tryptic 
activity of the available preparations of pancreatin 
or of the trypsin in order properly to estimate their 
medicinal value. 

Commercial samples of pancreatin were assayed, 
in order to determine the exact amount of tryptic 
activity in them, by the modified Willson method in- 
stead of by the official assay for the minimum re- 
quirements indicated in the U. S. P. definition of 
pancreatin. If a sample is called “Triple Strength” 
Pancreatin, does it mean that it has three times the 
strength of the minimum requirements, or docs it 


TAHLE IV. — COMMERICAL SAMPLES OF PANCREATIN 
Assayed by the Modified Willson Method 





Cc. of 

Cc. of 

Cc. of 




0.1 

0.1 N 

0.1 N 




NaOH 

NaOH 

^aOH 




Used 

Used 

Actu- 


Sample 

Arc in 

in 

in 

ally 

Co. 

No. 

Mo. 

Assay 

Blank 

Used 

A 

20 

20 

9.01 

3.47 

5.54 

A 

lA 

24 

9.55 

2.97 

0.58 

A 

llA 

11 

9.50 

2.90 

0.60 

B 

17 

IS 

7.43 

2.43 

5.00 

B 

2A 

07 

7.03 

2.28 

4.75 

B 

3 

07 

7.18 

2.57 

4.01 

n 

3A 

103 

0.39 

2.77 

3.02 

B 

8A 

07 

6.98 

2.72 

4.20 

C 

lOA 

35 

7.57 

2.52 

5.05 

C 

4A 

53 

7.47 

2.47 

5.00 

C 

4 

89 

7.77 

2.57 

5.20 

C 

12 

23 

7.60 

2.08 

4 .92 

C 

3X° 

Age . 

10.30 

3.28 

7,08 



unknown 




D 

"A 

112 

7.77 

2,52 

5.25 

D 

14 

100 

7.03 

2.52 

4.51 

D 

3V'’ 

Age 

10.58 

3.37 

7.21 


unknown 


* “Triple Strength" Pancreatin. 

^ "Triple Strength" Enteric Coated Capsule. 


mean that it is three times as potent as ordiuaty 
Pancreatin U. S. P.? The U. S. P. test fails to dis- 
tinguish between a sample which meets the mini- 
mum requirements and one which may be many 
times as potent. 


Table V. — Samples of Trypsin Obtained from 
Various Sources Assayed by the Modified Will- 
son Method 



Cc. of 0.1 N 

Cc. of 0.1 N 

Cc. of 0.1 lY 
NiiOH 

Sample 

NaOH Used 

NaOH Used 

Aclually 

No. 

in Assay 

in Blank 

Used 

1 

9.00 

3.14 

5.02 

lA 

8.91 

3.15 

5.70 

2 

9.30 

3.00 

G.30 

3“ 

10.25 

3.46 

0.79 

3A» 

10.30 

3.59 

0.71 

46 

9.45 

3.15 

6.30 


" "Triple Strength" Enteric Coated Tablet.s. 
S Reference Standard Trypsin. 


By assaying by the modified Willson method tlic 
samples of pancreatin obtained from different com- 
panies, it was found that most samples were two to 
three times as strong as the minimum requirements 
indicated on the label. Furthermore, in comparing 
a number of samples of Pancreatin U. S. P. (Com- 
pany C) with a sample of "Triple Strength” Pancrca- 
tin from the same company, it was found that tlic 
U. S. P. samples were of approximately 70% the 
strength of the “Triple Strength” sample; whereas 
it would seem that they should be more nearly 33% 
as strong as the "Triple Strength” Pancreatin. 
How’cver, a noticeable difference in the samples 
can be determined by the modified Willson method, 
whereas a previous experiment, when Pancreatin 
U. S. P. and "Triple Strength” Pancreatin were as- 
sayed by the U. S. P. method, merely showed that 
they both met the U. S. P. minimum requirements. 

SUMMARY 

1. The trypsin designated in the U. S. P- 
Pancreatin is a mixture of proteolytic en- 
zymes. 

2. The official assay is unsatisfactor}^ as 
no definite standard, with which different 
samples can be compared, is set up. 

3. A modification of Willson’s assay of 
pancreatin has been undertaken and fins 
worked out successfully. 

4. A number of commercial samples of 
pancreatin have been obtained and assayed 
by this method. A comparison of the 
strength of trypsin in various samples of 
pancreatin can be expressed in terms of the 
number of cc. of 0.1 W sodium hydroxide 
used to neutralize the amino acids produced 
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by digestion upon a specially prepared solu- 
tion of casein. 

5. A modification of both the U. S. P. 
and the Willson methods has been made in 
the preparation of the casein solution. 

6. Samples of commercial trypsin were 
also assayed by the modified Willson method, 
and the results have been compared with 


U. S. Pharmacopoeia Reference Trjpisin. 

7. It has been demonstrated by these 
assays that “Triple Strength’’ Pancreatin 
possesses three times the potency of the 
minimum requirements as stated in the of- 
ficial monograph; but, that it is misleading 
to imply that it posesses three times the 
potency of Pancreatin U. S. P. 
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The Carboxypeptidase Activity of Pancreatin U. S. P.* 

By CHARLES W. BAUERt and ALPHONSE M. MISKINISt 


Pancreatin U. S. P. contains the enryme car- 
boxypeptidase. It is a relatively stable en- 
.zyme. Pumpkin seed globulin serves as an 
excellent substrate for its analysis. Its ac- 
tivity may be expressed in terms of cc. of 0.02 
N sodium hydroxide required to neutralize 
the amino acids produced from a definite 
amount of pumpkin seed a/pia-globulin. 

T Tntil a few years ago it was thought 
that proteins were first digested to pep- 
tones by the pepsin in the stomach, and 
were then completely digested into absorb- 
able units by the trypsin of the pancreas. 
It is now known that the enzyme trypsin, in 
the strict meaning of the terra, does not 
complete tlie digestion of proteins into ab- 
.sorbable units. It has been found that the 
enzymes aminopeptidase and carboxypep- 
tidase accomplish this result. Since car- 
boxypeptidase is secreted by the pancreas, 
it is of interest to detennine whether this 
enzyme is present in the olTicial preparation 
of pancreatin. 
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The object of this investigation was to 
determine the presence and the relative 
amounts of carboxypeptidase in different 
samples of Pancreatin U. S. P. 

In 1927 Waldschmidt-Leitz (1) and co- 
workers discovered the enzyme carboxypoly- 
peptidase as the zymogen in the pancreas of 
certain of the higher animals. Two years 
later Waldschmidt-Leitz and Purr (2) short- 
ened the name of carboxypolypeptidase to 
carboxypeptidase. 

According to Bergmann (3) carboxypepti- 
dase splits an end amino acid from its sub- 
strate, the enzyme attacking only those 
substrates containing a free carboxyl group 
next to the peptide linkage. The work of 
Bergmann and Fruton (4) indicates that the 
CO— NH— CH(R)— COOH groups are ar- 
ranged in a counterclockwise order in which 
the alpha hydrogen atom of the CH(R) 
group is directed toward the enzyme. An- 
son (5) found carboxypeptidase to be the 
onlj'- known proteolytic enzyme tliat acts in 
the presence of formaldehyde. 

One of the synthetic substrates employed 
for the measurement of carboxypeptidase 
activity is the expensive chloracetyl-f-tyro- 
sine which was used by Waldschmidt-Leitz 
(2). Anson (7) found that a peptic digest 
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of edestin was a satisfactory'- substrate for 
his investigations of carboxypeptidase. 

Waldsdiinidt-Leitz (1) asserts that the 
zyTuogen found in the pancreas is activated 
by the enterokinase of tlie intestines. It 
has been suggested by Sumner dnd Somers 
(G) that tlie activation of the zymogen may 
be due to the action of trypsin. 

MATERIALS AND METHODS 

Substitute Substrate for Edestin. — Since clilor- 
acetyl-/-tyrosine was too expensive to be used in 
this investigation, tbe peptic digest of edestin was 
first employed as the substrate. The formalized 
solution of edestin was prepared according to Anson 
(7), using edestin (Eimer and Amend), decolorizing 
charcoal (Merck), granulated pepsin (Wilson Labo- 
ratories), and Filter-Cel (Johns-Manville). After 
several preliminary experiments with the edestin 
solution, the supply of edestin ran out, and no more 
could be obtained anywhere. The experiments per- 
formed with edestin clearly indicated the presence 
of carboxypeptidase in Pancreatin U. S. P. In 
order to continue this investigation it became neces- 
sary to find a satisfactory substrate to take the place 
of edestin. 

In 1940 VickerjL Smith, and Nolan (8) reported 
the use of pumpkin seed globulin as a substitute 
for the globulin edestin obtained from hemp seed. 
These workers found the yield of globulin prepared 
from pumpkin seed by their method to be about 
ld%i by weight of the seed, a percentage somewhat 
higher than that of hemp seed. An added advantage 
of pumpkin seed globulin is that it is cheaper than 
edestin. Hence, pumpkin seed globulin was used 
as the substrate for the major portion of the experi- 
mental work reported in this paper. 

Theory of Formol Titration and Modification. — 
In tlie determination of proteolytic enzymes other 
than carboxypeptidase by formol titration, the 
usual procediue for obtaining a standard consists of 
adding formaldehyde to the substrate solution to 
stop the enzymatic digestion, then of adding phcnol- 
phthalein and a sufficient amount of sodium hy- 
droxide to bring the solution to a standard colsr. 
This preparation constitutes the standard or con- 
trol. The increase in amount of alkali used over that 
of the control is a measure of the number of amide 
linkages split. This procedure is inadequate, ac- 
cording to Anson (7), and has to be slightly modified 
for the determination of carboxypeptidase, since the 
carbo.xypeptidase activity, unlike other proteolytic 
activities, is not stopped by the addition of formal- 
dehyde. The blank is nm on a substrate solution in 
the absence of the enzymatic preparation but in the 
presence of formaldehyde, phenolphthalein, and 
sodium hydroxide. 

In the experimental investigation which follows, 
the blank was further modified by adding a bailed 
enzyme preparation whieh contained some amino 


acids not obtained from carboxypeptidase digestion. 
This modification eliminates the danger of including 
the amino acids, which are normally present in the 
crude pancreatin, from being considered to be the 
result of enzymatic action upon the substrate. 

Preparation of Pancreatin Suspension. — A 5% 
pancreatin suspension was found by trial to be vciy 
satisfactory for this investigation. The suspension 
of pancreatin should be as homogeneous as possible 
in order that equal measurements may contain about 
equal amounts of pancreatin. All suspensions were 
made in distilled water about one half-hour before 
starting the assays. 

Since heating might possibly have hydrolyzed 
some additional acids in the pancreatin, it was nec- 
essary to determine the acidity of both the boiled 
and the unboiled pancreatin suspensions. The ef- 
fect of heat on the hydrolysis of pancreatic proteins 
had to be determined in order to have a correct con- 
trol or blank. Phenolphthalein was used as the in- 
dicator, and the boiled suspension was first cooled to 
room temperature before assaying. The experi- 
mental results indicate that boiling has no effect 
upon the acidity of the preparation, as is shown by 
the fact that the amount of alkali was practically 
the same in each instance. 

While the acidity of different samples of pancrea- 
tin may vary, the difference between the boiled and 
unboiled pancreatin in any one sample is about 
the same. 

Preparation of Standard Formaldehyde Solution. 
— To 50 cc. of water add 15 cc. of formaldehyde 37%, 
2 cc. of 0.6% phenolphthalein indicator solution, 
enough 5 N sodium hydroxide to make the solu- 
tion just detcctably pink, and enough distilled water 
to make the total volume measure 100 cc. This 
solution contains the same amount of formaldehyde 
as the formalized substrate' solution. 

Preparation of Pumpkin Seed Globulin. — To 150 
Gm. of freshly ground pumpkin seed, in a previously 
warmed dry mortar, add sufficient 10% sodium 
chloride solution, warmed to 00-65°, to form a very 
soft paste. Triturate; add about one liter of sod- 
ium chloride solution and triturate for an additional 
five minutes. Strain through a number 20 sieve 
into a large evaporating dish and return the residue 
to the mortar for a second treatment. , Use the re- 
mainder of the sodium chloride solution, two liters 
of which are prepared for the preparation, for the 
second extraction. Triturate again; then strain 
the contents into the large evaporating dish. Heat 
for one hour at 00—05° with constant stirring. 
Transfer the contents to a two-liter flask and tic a 
double fold of cheesecloth over the neck of the flask 
in the form of a small sack. 

Invert the flask and contents into a stcpfoldcd 
filter paper that has been w.ashed with warm 10% 
solution of sodium chloride. It is desirable to use a 
water-jacketed funnel, maintained at 00-05°, for 
the filtration process, for, if the funnel and paper be- 
come cold, the globulin will precipitate .and will 
clog the pores of the filter paper. 
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Dilute the filtrate with distilled w-ater to a 2% 
concentration of sodium chloride and set it aside 
at room temperature for four to five hours; then 
place it in the refrigerator at 5° for twelve hours. 
Theft siphon off the supernatant liquid. Filter the 
precipitate through a large Jena filter or a glass 
sintered filter, and wash the precipitate twice with 
a small amount of distilled water. Dry the precipi- 
tate over a steam-heated radiator or in a warm place, 
powder it finely, and pass it through a bolting 
cloth. The extracted globulin is light yellow-brown 
in color and behaves very similarly to edestin, as a 
control e.xperiment showed. The yield by the fore- 
going method is about 6-7%. 

The pumpkin seed globulin served as a satisfac- 
tory substrate for the determination of carboxypep- 
tidase activity in Pancreatin U. S. P. Anson’s (7) 
procedure wa^ used to prepare the formalized sub- 
strate solution, but pumpkin seed globulin was sub- 
stituted for the edestin. 

Preparation of Digestion and Control Flasks and 
the Method of Assay 

The Preparation of the Standard Color for the 
Blank. — To flask IS, the standard color flask, add 
10 cc. of 5% boiled pancreatin suspension previously 
cooled to room temperature, one drop of phenol- 
phthalein indicator, and titrate to a pink color with 
0.02 N sodium hydroxide in order to neutralize the 
amino acids present in the pancreatin suspension. 
Then add 5 cc. of neutralized standard formaldehyde 
solution. The pink color disappears on the addition 
of the formaldehyde solution because of the release 
of the carbo.xyl groups of the amino acids present .as 
zwilter ions in the neutralized pancreatin. Make 
the suspension pink again with 0.02 N sodium hy- 
droxide. Stopper the flask, and let this preparation 
represent the color standard for flasks 2a and 2b, 
Blank Determination of Flasks 2a and 2b.— 
Add 10 cc. of 5% cooled, boiled pancreatin suspen- 
sion, and one drop of phenolphthalein indicator to 
flasks 2a and 2b, which are to be employed as 
blanks for the digestion flasks 4a and 4b. Titrate 
the mixtures with 0.02 N sodium hydroxide to the 
same pink color as that of the standard color flask, 
IS; then add 5 cc. of formalized substrate solution. 
The pink color disappears after this addition, but 
returns on the addition of more alkali. After the 
desired pink color is obtained, stopper the flasks 
and place them in a constant temperature bath for 
thirty miivutes at 37°. The standard color flask, IS 
is also placed in the constant tempcratiu'e bath at 
the same time. The amounts of 0.02 N sodium hy- 
droxide used need not be recorded, for the alkali is 
used only to neutralize the acids in the pancreatin 
suspension as well as any amino acids that may be 
liberated when the fonn.aldchyde solution is added. 
None of these acids is a product of the digestion 
with tile enzyme preparation. 

At the end of thirty minutes — the period allowed 
for digestion in flasks 4a and 4b — remove the flasks 
from the temperature bath. Titrate the contaits 


of the flasks 2a and 2b with 0.02 N sodium hydrox- 
ide until the color of each matches that of the stand- 
ard flask. Record the number of cc. of 0.02 A’’ sodi- 
um hydroxide required to produce the desired color 
in flasks 2a and 2b. This is the amount, in terms of 
cc. of 0.02 N sodium hydro.xide, necessary to neu- 
tralize the acids that may be produced during the 
thirty-minute digestion period. Theoretically there 
should be no amino acids produced, since the pan- 
creatin suspension was boiled for seventy-five sec- 
onds to destroy all enzymatic activity. Flasks 2a 
and 2b are employed as blanks for the digestion 
flasks 4a and 4b, which contain the unboiled, enzy- 
matically active, pancreatin suspension. 

The Preparation of the Standard Color for the 
Digestion Flasks. — To flask 3S, which is to be the 
standard color flask for flasks 4a and 4b, in which di- 
gestion occurs, add 10 cc. of unboiled 5 per cent pan- 
creatin suspension, one drop of phenolphthalein in- 
dicator, and titrate to a pink color with 0.02 iV sodi- 
um hydroxide. Add 5 cc. of neutral standard for- 
maldehyde solution and again add 0.02 N sodium 
hydroxide until the standard color is obtained. 
Stopper the flask, and use it as the standard color 
flask for 4a and 4b. 

The Preparation of the Flasks 4a and 4b. — ^Add 
10 cc. of unboiled 6% pancreatin suspension to 
flasks 4a and 4b: then add one drop of phenol- 
phthalein indicator and titrate to the standard 
color. Then add 5 cc. of neutral fonnalized sub- 
strate solution and immediately titrate to the 
standard color; stopper, and place the three flasks 
in the constant temperature bath at 37° for thirty 
minutes. The amount of sodium hydroxide is not 
recorded. However, after the removal of the 
flasks from the temperature bath, the number of cc. 
of 0.02 N sodium hydroxide required is an indica- 
tion of the degree of carbo.x>'peptidase activity in 
the pancreatin suspension. 

At the end of thirty minutes remove the flasks 
from the thermostatic bath. If the color of the 
standard color flask, 3S, be markedly faded or be of 
such a weak shade that it is difficult to compare or 
reproduce, introduce a knoivn amount of 0.02 N 
sodium hydroxide until the desired color is obtained. 
Titrate the other flasks, 4a and 4b, with 0.02 N 
sodium hydro.xide until their color matches that of 
the standard (3S). Subtract the number of cc. of 
0.02 N sodium hydroxide used to produce the de- 
sired color in the standard color flasks, 3S, from the 
total number of cc. used in each of the two digestion 
flasks 4a and 4b. 

Interpretation of the Assay Described. — Boiling 
the pancreatin suspension for seventy-five seconds 
destroys the enzyme present in the blank flasks 2a 
and 2b. Therefore, if the average number of cc. of 
0,02 N sodium hydroxide used in flasks 2a and 2b 
equals the average number used in 4a and 4b, which 
contain the unboiled pancreatin suspension, the 
actiWly shown would not be caused by the enzyme, 
but by something else. However, if the average 
amount of 0.02 A’ sodium hydroxide used in 2a 
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and 21) be less than the average ainoiint used in -la 
and 41), it may be assumed that part or all of the 
activity was caused by the carboxypeptidasc, be- 
cause carboxyjrcptidase is the only known proteoly- 
tic enzyme that will act in the presence of formalde- 
hyde. 

Experimental Data. — A sample of Pancreatin 
U. S. P. was obtained from one of the larger pharma- 
ceutical houses The determination of carboxypep- 
tidasc w;is determined by the previously described 
method of assay. The average requirement of the 
control flasks was 0.7 cc. of 0.02 N sodium hy- 
droxide while the average requirement of the diges- 
tion flasks was 5.9 cc. The control average, 0.7 cc., 
subtracted from the digestion flask average, 5.9 cc., 
gives 5 2 cc of 0 02 N sodium hydroxide used. This 
is the actual carboxypeptidasc activity measured in 
tenns of cc. of 0.02 N sodium hydroxide. 


Taole I. — The Amount of Carbo.xypeptidase in 
Samples of Pancreatin Obtained from Com- 
panies A, B, C, AND D E.xpressed in Terms of Cc. 
OF 0.02 .V Sodium Hydroxide Required to Neu- 
tralize THE Acids Liberated by the Enzyme 


Co. 

Sample 

No. 

Age 

in 

Mo. 

Av No. 
of Cc of 
0.02 N 
NaOH 
for 

Blanks 

Av. No. 
of Cc. of 
0.02 N 
NaOH 
for 

Digestion 

Flasks 

Av. 

Carboxy- 
peptidase 
Activity 
in Terms 
of Cc. of 
0.02 iV 
NaOH 

A 

lA 

24 

0.99 

5.275 

4.285 

A 

llA 

11 

1.15 

5,190 

4.040 

B 

4A 

53 

0.775 

5.300 

4.526 

B 

lOA 

35 

0.675 

5.275 

4.600 

B 

12 

23 

0.500 

5.400 

4.900 

B 

12A 

21 

0.600 

5.120 

4.520 

C 

7 

66 

0.685 

5,335 

4.650 

C 

7A 

112 

0.900 

5.350 

4,450 

C 

14 

100 

0.400 

5.700 

5.300 

C 

15 

46 

1.115 

0,100 

4.985 

D 

3 

67 

0.700 

5.650 

4.950 

U 

2A 

67 

0 700 

5.900 

5.200 

D 

3A 

103 

0.635 

6.100 

5.465 

U 

17 

18 

0.800 

6.150 

5.350 

D 

5 

73 

0.410 

5.950 

5.540 

D 

8A 

67 

0.475 

6.010 

5.535 

D 

6 

163 

0.690 

5.650 

4.960 

D 

OA 

85 

1.000 

5.500 

4.440 


The most recently manufactured sample of pan- 
creatin assayed was eleven months old, the oldest 
s,ample was 163 months old, while the average age 
of the samples w.as about 53 months. The average 
carboxypeptidasc activity of 10 cc. of a 5% suspen- 
sion of pancrc-atin on 5 cc. of a pumpkin seed globu- 
lin substrate made according to the Anson method, 
expressed in terms of 0.02 N sodium hydroxide 
solution is 4.71 cc. 

CONCLUSION 

The e.\perimental data definitel}^ indicate 
the presence of carboxypeptidasc in Pancrea- 
tin U. S. P. Since Pancreatin U. S. P. con- 
tains tiy-psin, a carbox 3 ’peptidase activator. 


it was impossible to determine the auioiml 
of cnz 3 mie in the form of its Z 3 nnogen. The 
assa 3 ’^ is based entirely upon active carboxy- 
peptidase. Since all experimental work was 
carried out on an impure enzymatic prepara- 
tion, it was impossible to express tlie amount 
of enz 3 nne in Anson units (7), whicli are 
based on a crystalline carboxypeptidasc. 
However, the amount of carbox 3 'peptidase 
may be expressed in terms of tlie cc. of 0.02 
lY sodium hydroxide required to neutralize 
the amino acids liberated b 3 ^ carbo.x 3 )pcpti- 
dase from a definite amount of substrate. 
The amount of carboxypeptidasc in samples 
of Pancreatin U. S. P. seems not to be af- 
fected to any significant extent b 3 ’' the age 
of the samples. 

SUMMARY 

1. Pancreatin U. S. P. contains carbox}'- 
peptidase. 

2. Pancreatin suspensions may be boiled 
to destroy the enzyme without affecting tlie 
degp'ee of acidity. 

3. Pumpkin seed globulin is a satisfac- 
tory substrate for the determination of car- 
box 3 peptidase. 

4. Boiled Pancreatin must be used in the 
dontrol in order to avoid a misinterpretation 
of the carboxypeptidasc activity of the un- 
boiled pancreatin on the pumpkin seed glob- 
ulin. 

5. The activity of carboxypeptidasc maj' 
be expressed in terms of cc. of 0.02 N NaOH 
required to neutralize the amino acids pro- 
duced from a definite amount of substrate. 

6. The amount of carboxypeptidasc in 
samples of Pancreatin U. S. P. was practi- 
cally the same for all samples, which were ob- 
tained from different sources, and which 
were stored for different periods of time. 
This uniformity seems to indicate that car- 
boxypeptidase is a fairly stable enzyme. 
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Chlorosulfonic Acid in the Synthesis of DDT and 
Its ^-Halogen Analogues* 

By W. T. SUMERFORDt 


The chlorosulfonic acid method of preparing 
DDT is outlined, its general application dis- 
cussed, and the compounds which were pre- 
pared are described. 

CiNCE the discovery of the insecticidal 

activity of DDT [l-trichloro-2,2-h!s(/>- 
chlorophenyl)ethane] by Muller (1) in 
1939, the chemistry of this and related com- 
pounds has been developed in this country 
and elsewhere at a very rapid rate. Among 
tlie first analogues of DDT to suggest them- 
selves as potentially superior substitutes were 
its p-halogen analogues: (a) 1-trichloro- 
2,2-6w(^-fluorophenyI)etliane (DFDT), (b) 
1 -trichloro - 2,2 - bisip - bromophenyl)ethane 
(DBrDT), and (c) l-trichIoro-2,2-6t5-(/>- 
iodophenyl)ethane (DIDT). 

Baeyer was the first to condense two 
rnoles of benzene with one mole of chloral to 
give l-trichloro-2,2-f)i5(phenyl)ethane (2) 
herein referred to as (DPE). 

Both DDT and its p-bromine analogue 
(DBrDT) were prepared and described by 
Zeidler in the first report on compounds of 
the DDT ty^ie (3). 

The p-fluorinc analogue of DDT (DFDT) 
was introduced in Germany during World 
War II under the names of “Fluorogesarol” 
(GIX) (4). It is said to be seven times as 
effective against flies and to cost ten times 
as much as DDT (5). DFDT was pre- 
pared by condensing two moles of fluoro- 
benzene and one mole of chloral using sul- 
furic acid (4), or by condensing two moles of 
fluorobenzene and one mole chloral acetal in 
the presence of chlorosulfonic acid ((!), It 
has been described as a liquid, b. p. 160- 
1R0° at S mm. (7) and as a solid, m. p. 
31° (8). No analy'ses for tliis compound 
were found. 

♦ Ucceivctl Sept. *1, lt>10, from the University of GcorRin 
CollcRC of Pimnnacy, Athens, Ga. 

Prc-senled to the Scientific Section. A. Pm. A , PitlshurKh 
meeting, AnRiist, 194G. 

t Present nOdress: Lonisiana State Univcrwty, College of 
Chemistry am! Physics, Baton Rouge, Ba. 


It has been shown that iodobenzene 
readily condenses with chloral with the for- 
mation of l'trichloro-2,2-6fs(/)-iodophenyl) 
ethane (DIDT), colorless prisms, m. p. 
172° (9). 

All of the above condensations, unless 
otherwise noted, were brought about by tlie 
use of concentrated sulfuric acid . The order 
of mixing the reactants and the acid, how- 
ever, was not the same in each case. 

EXPERIMENTAL 

The use of chlorosulfonic acid in condensing two 
moles of chlorobenzene and one mole of chloral to 
yield DDT, first reported from this Laboratory 
(10), has been extended to the synthesis of 1-tri- 
chloro-2.2-iiis(phenyl)ethane and its ^.^'-dihalogcn 
derivatives. 

The procedure used to prepare and purify these 
derivatives is essentially the same as that previously 
described (10). One mole of chloral is mixed with 
2 moles of benzene or the appropriate halogen deriva- 
tive. This solution is cooled to 5° and to it is 
added 1.8 moles of chlorosulfonic acid in divided 
portions and under constant stirring. After stirring 
for tliree hours, the reaction mixture is poured into 
chipped ice and the crude product is collected on a 
Buchner funnel. It is boiled with ten times its 
weight of water and again collected after cooling. 

The pertinent data for the compounds prepared 
by this method arc given in Table I. 


Table I 


Compound 

Hccr>'stalli 2 ing Solvent 

Vteld, 

% 

M. r.. 

DPE 

MeOH— HsO'- 

on 

02 

DFDT- 

EtOH—HjO’^ 

os 

40 

DDT 

Et-.O— McOH (l-S)' 

70 

lOG 

DBrDT 

Et-O— Eton (2-1) 

75 

1.39 

DIDT 

Et:0— Eton (1-1) 

so 

172 


“ This compound was solidified prior to rccrystaUirution 
by placing it in a chest with drj’ icc. Theory: 52.20 

11 % 2.80. Found; C. 51.72. H. 2.80. 

Dissolve in appropriate araount-s of the respective 
alcohols, and add water to incipient precipitation, 

® This compound may he purified also by washing it twice 
with an equal weight of methanol. 

Biological Activity, — Dctcnniiiations bave been 
made of the relative toxicity of these compounds 
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toward mosquito laiwae, mosquito pupae, and two 
species of fish. The unsubstituted compound, 
DPE, was comparatively nontoxic. The median 
lethal doses of the '-dihalogen derivatives were 
approximately 0.1 p. p. m. for goldfish, 0.01 p. p. m. 
for Gambusia, and 0.001 p. p. m. for larvae. The 
pupae were more resistant than the larvae or the 
Gambusia 

A detailed report on these tests will be published 
elsewhere. 
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Book Reviews 


Advanchig Fronts in Chemistry. Volume II, Chemo- 
therapy. Edited by Wendell H. Powers. 

Reinhold Publishing Corporation, 330 West 42nd 

St., New York, 1940. 156 pages. 14.5 x 23.0 

cm. Price, S3.50. 

In 1945 the W'ayne University sponsored a course 
of academic studies entitled "Frontiers in Chem- 
istry.” It was certainly fitting that chemotherapy, 
a science tvhich has given so much to the health of 
mankind, should fit into such a program. This book 
is a compilation of all of the lectures presented in the 
chemoUierapeutic field with the exception of Dr. H. 
E. Carter’s lecture on antibiotics. The following 
lectures were included : 

"Chemotherapy in Experimental Tuberculosis,” 
by William H. Feldman ; 

"S>Tithctic Antispasmodics,” by Frederick F. 
Blicke; 

"Chemistry of the Sulfa Drugs,” by E. H. Nor- 
they ; 

"The Antimalarial Problem,” by Harry S. 
Mosher; 

"Organometallic Compounds as Chemotherapeu- 
tic Agents,” b 3 - C. Kenneth Banks; 

"Past Developments and Present Needs in the 
Chemotherapy of Parasitic Diseases,” by Wil- 
lard H. Wright. 

In all cases, the emphasis has been placed on 
recent developments and no attempt was made to 
completely survey the literature in these specific 
fields. Enough historical material was presented to 
provide a satisfactory setting. Many of the authors 
were particularij' stimulating hy indicating probable 
future trends and future needs. 

The inclusion of photographs of the authors and 
brief biographies will be a delight to many since they 
help create the illnstion that the reader attended this 
auspicious lecture scries. — Melxun Vi. Gree.n. 


Chemistry of Food and Nutrition, Edition 7, by 
Henry C. Sherman. The Macmillan Company, 
New York, 1946. viii -f 675 pages. 13.5 x 21 
cm. Price, S3.75. 

Nutrition as a chemical science and Professor 
Sherman’s excellent text cannot bo separated with- 
out leaving a tremendous void. It is dilTiciilt to 
realize that the first Chemistry of Food and Nutrition 
became available in 1911. Many spectacular and 
dramatic events have taken place in the intervening 
years. Professor Sherman has not only been most 
faithful in recording these events, he has actively 
participated in most of them. 

The seventh edition of this book, like the others 
represents a thorough revision where swift moving 
events demanded it. Because the author has taken 
pains to make clear the certainty degree of Ins 
"facts,” the undergraduate is not at a loss to know 
the “truth.” 

The documentation is selective and c.xccptionally 
good. — M elvin W. Green. 

Qualitative Analyses by Spot Tests, by Fritz Fnim- 
Third English Edition, 1946. Elsevier Puhlisli- 
ing Company, New York, xvi -f- 574 pages. 
14.5 X 23 cm. Price, S8.00. 

The third English edition of this standard work on 
spot testing is much like previous editions in form. 
It has been completely revised, however. Not oidy 
have new tests been added but the tests previously 
given have been critically evaluated. All manipnl.T 
tions previously described separately in Laboratory 
Manual of Spot Tests (Academic Press, 1943) have 
been included. Altogether the text contains 350 
detailed and about 100 orienting tests in addition to 
about 175 suggested procedures. This edition w.as 
translated by Professor Ralph E. Oesper. — MelviS 
W. Green. 
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Quantitative Assay of the Intravenous Toxicity of 
' Streptomycin in Mice* 

By WALTHER H. OTT 


A method has been devised for the quantitative assay of the intravenous lethal toxicity 
of commercial streptomycin in mice whereby the LDu is determined from the ob- 
served mortality by direct reference, to tabulated values. Using certain specified 
doses and 5 mice per dose, two designs for the assay are presented: a two-dose 
method with a standard error of approximately *8% of the LDns, and a single-dose 
method with a standard error of * 10%, 


'P'he need for a quantitative assay of the 
intravenous toxicity of commercial 
streptomycin in mice became apparent with 
the observation (1) that the intravenous 
toxicity in mice was unrelated to the po- 
tency of the drug and presumably was due 
to some substance, or substances, other than 
pure streptomycin. Altliough a safety test 
has been described by the Food and Drug 
.Administration (2), this test shows only 
that 'the toxicity of tlie tested sample ex- 
ceeds, or falls below, a certain limit approxi- 
mately equivalent to an LDq of 1000 micro- 
grams streptomycin base per 20-Gni. mouse. 
Therefore attention was directed toward 
development of a quantitative assay of 
reasonable accuracy using tlie technical 
specifications set forth by the F.D.A. for 
the safety test. 

• Received March 7. VJATt from the Merck Institute for 
Therapeutic Hc.'^earch, Railway, X. J. 


MATERIALS AND METHODS 

The mice used in these assays were of a uniform 
strain (CFl) obtained at weekly intervals from the 
Canvorth Farms. The animals had continuous ac- 
cess to water and a nutritionally complete laboratory 
diet, and were housed in metal cages in quarters 
maintained at 75° F. Mice weighing from 19 to 24 
Gm., inclusive, were used in all tests. The intra- 
venous injection was made into a tail vein using a 
1-raI. syringe with a 20 or 27 gauge needle. The in- 
jection time was kept as near as possible to five 
seconds with the aid of a metronome. All mice were 
observed continuously for thirty minutes, and the 
survivors were observed daily for two days. No 
mouse was ever used more than once. 

In wcw of the fact that the c.\'pcrimcntal error 
of the median lethal dose, or LDit, is less than that 
of any otlier lethal dose, especially the LDc (3), 
the LDm was selected as the measure of toxicity. 
Biometric.al methods described by Bliss, cl at. (3, 4) 
were employed in analyzing and evaluating the data. 

Using the .above procedures, several experiments 
were conducted to study some of the factors influenc- 
ing the test (Tables I and If). Five mice were used 
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on each dose in all but one of the experiments, in 
which 10 mice were used per dose. In each assay 
different doses were given until several vrere found 
that caused mortalities in the range between 0% 
and 100%. Within each comparison of relative 
toxicity (Table I) the various doses were prepared 
directly from the same stock solution of streptomy- 
cin. The factors other than the one being studied 
were kept constant from dose to dose within each 
assay. In addition to the factors listed, these in- 
cluded date of assay, age of mice, and individual in- 
jector. 


Two strains of mice, CFW and CFl, were avail, 
able, and they were found to differ significantly in 
resistance to the toxic properties of streptomycin. 
No explanation was sought for this difference. The 
CFl strain, being more readily available in large 
numbers, was adopted for all streptomycin toxicity 
assays in this laboratory'. 

Since mice differing by as much as 25% in body 
weight (usable range 19 to 24 Gm., inclusive) are 
employed in the assay, the relation between dose and 
body weight was investigated. WTien the dose ol 
the drug was an amount calculated to be directly 


Table I. — Influence of Four Factors on the Assay of the Intravenous To.xicity op Streptomycin 

IN Mice 






Mean Relative Toxicitj'o 

No. Mice Used 



of Streptomycin (with 

Per Dose 

Total 

Assay Series 

Standard Errors) 

5 

195 

Injection time, sec. 

: 5 

100%‘ 

7.4% 



10 

102 ± 




20 

94 

7.1% 




30 

83 

5.2% 




60 

68 ± 

4.3% 

5 

55 

Sex: 

Males 

100% 





Females 

93 ± 

6.0% . 

5 

125 

Strain: 

CFl 

100% 





CFW 

126 =*= 

5.4% 

10 

180 

Injection dose: 

per mouse, 
19-20 Gm. 
per mouse, 
23-24 Gm. 

100% 





00 

H- 

3.5% 




per 20 Gm., 





23-24 Gm. 

101 =t 

4.1% 


a The toxicity in one group witiiin each series was arbitrarily' assigned a value of 100%, and the toxlcities in the other groups 
were expressed as a percentage of that value. 


Table II. — Intravenous Tonicities of Strepto- 
mycin OF Different Origin 


Agreement 

between 


Lot 

No. 

Mice 

Used 

LDso 
Micro- 
grams 
Base/ 
20 Gm. 

Individual 

Slope 

Observations 
and Fitted 
Curves 

Prob- 
X* ability 

A 

30 

1440 

13.1 

3.5 

0.45 

B 

30 

1570 

22.0 

0.3 

0.99 

C 

30 

1130 

19.2 

2.7 

0.60 

D 

. 30 

2380 

15.1 

4,6 

0.20 


a Agreement is significant in each instance. 


RESULTS 

In making the transition from the slow rate of 
injection formerly used (1) to the rapid rate of 0.5 
ml. in five seconds as adopted by the F.D.A. (2)) it 
was found that the obsert'ed toxicity' gradually in- 
creased as the injection time was shortened to about 
ten seconds (Table I). No further change in rela- 
tive toxicity was apparent when the time was re- 
duced to less than ten seconds. 

The two sexes differed very slightly in sensitivity 
to the toxic factor, the females appearing to be more 
resistant than the males. Although this difference 
is not statistically significant and no difficulty has 
been encountered due to it both sexes have never 
been used on the same sample. 


proportional to the body weight the toxicity of strep- 
tomycin was the same for the heaviest mice as for 
the lightest mice within the usable weight range. 
On the other hand, when the dose was kept constant 
regardless of body weight, an apparently lower tox- 
icity value was obtained with the heavier mice. 
Therefore, in the conduct of the quantitative assay, 
the dose for each mouse was made proportional to the 
body weight by adjusting the volume of the pre- 
pared dose on the basis of 0.50 ml. per 20 Gm. 

Four lots of streptomycin of different origins 
were assayed using approximately 10% increments 
in dose (Table II). Six doses, at least four of 
which gave mortalities between 0% and 100%, 
were used on each lot. Even though the prepara- 
tions varied considerably in relative toxicity, the 
slopes of the four dosage-mortality curves did not 
differ significantly from parallelism (x* = l-h. 4/ - 
3, P = 0.C6). This observation is conydered an 
indication that the toxic factors in the different ma- 
terials produced qualitatively similar responses in 
the mice. 

Although 5 mice seem to be a small number to 
use on each dose, this number has proved sufficient, 
presumably due in part to. a high degree of uniform- 
ity among the mice. This was indicated by the 
fact that the observed mortalities for any of the four 
lots of streptomycin did not differ significantly from 
the composite curve (x’. Table II). 
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"Data from the above assays and 10 routine assays 
selected at random were combined to obtain a satis- 
factory estimate of the slope of the curve relating 
logarithm of the streptomycin dose to per cent mor- 
tality in probits. As shown in Table III, the pooled 
slope for this entire series was calculated as 14.8. 
The individual assay curves were parallel within ex- 
perimental error (x* = 31, df = 45), and conse- 
quently the slope of 14.8 has been used in the calcu- 
lations in this paper and for the streptomycin 
toxicity assays conducted in this laboratory. 


THE QUANTITATIVE ASSAY 

t 

Using the preceding information, the F.D.A. 
safety test was modified so as to systematize and 
standardize the procedure irrespective of the toxicity 
of the individual sample. The objective of the 
quantitative assay was the determination of the 
LDio in a single assay with reasonable accuracy and 
without expenditure of unreasonable effort. 

For these purposes certain selected doses were in- 
jected into mice, using 5 mice per dose, until two 


Table III. — Summary of Data for Calculation of the Slope of the Dosage-Mortality Curve for 
Toxicity of Commercial Streptomycin in Mice 


Assay 

Series 

No. of 

Curves 

No. of 

Mice 

[wx*] 

[wxy] 

Slope 

Injection time 

15 

195 

0.3212 

4.8153 

15.0 

Sex 

4 

55 

0.0916 

1.2442 

13.6 

Strain (CFl) 

4 

65 

0.0703 

0.9311 

13.2 

Origin 

4 

120 

0.1291 

2.2252 

17.2 

Injection dose 

9 

180 

0.1477 

2.2023 

14.9 

Routines 

10 

150 

0.2307 

3.2573 

14.1 

.All 

46 

765 

0.9906 

14.6754 

14.8 


Table IV. — Quantitative Two-Dose Assay of Streptomycin Toxicity in Mice 

•a 


Dose pair 

3 

No. of mice dead out of 5 mice injected per dose 

3 4 3 4 5 4 5 

5 

High 

Low 

0 

1 or 0 

2 or 1 or 0 

2 or X 

2 

850 

700 

850 

810 

770 

740 

700 

1000 

850 

1020 

970 

920 

880 

840 

1200 

1000 

1210 

1150 

1100 

1050 

990 

• 14to 

1200 

1450 

1380 

1320 

1260 

1200 

1750 

1450 

1760 

1670 

1590 

1520 

1440 

2100 

1750’ 

2110 

2010 

1920 

1830 

1740 

2500 

2100 

2530 

2400 

2290 

2190 

2080 

3000 

2500 

3020 

2870 

2740 

2610 

2480 


** LDm's in the body of the table correspond to the 9 possible mortality combinations in which 0. 1, or 9 mice died at the 


lower dose and 3. 4, or 5 mice died at the higher dose irfeach of the 8 dose pairs. An individual :issay is completed when any 
of these mortality combinations are obtained with any one of the 8 dose pairs. 

All values are micrograms base per 20 Gm. mouse. 

Example: The 2100-microgram dose is injected, killing 3 out of 5 mice. The next lower dose must then be given, which is 
1750 micrograms. This dose kills 1 out of 5 mice. The mortality combination is 3 at 2100 and 1 at 1750, (j), which is found 
at the heading for the second mortalitj- column. Opposite the 3100-1750 dose pair is found 2010, the EDss corresponding to 
these results. 


The inherent precision of this assay is relatively 
high {1/b — 0.008) compared to other all-or-none 
assays (5). For the 10 routine assays (Table III) 
2 to 4 doses and an average of 16 mice were used per 
sample. .The average standard error of the LDm 
was calculated as ±6.3% of the ADia, a value indic- 
ative of satisfactory reproducibility for this assay. 

In order to insure that known and unknown fac- 
tors would not interfere beyond the limits of experi- 
mental error with the day to day accuracy of routine 
assay results, a sample of commercial streptomycin 
was assayed daily as a working standard. Statisti- 
cal quality control (0, 7) was maintained on the LDm 
of this standard as a measure of the resistance of the 
different groups of mice used from day' to day'. Con- 
fidence limits were established at the 95% probability' 
values (7), and samples were considered to have been 
assayed satisfactorily when the LDn of the standard 
fell within these limits. 


adjacent doses in the series were found such that two 
or fewer mice died at the lower dose and three or 
more mice died at the higher dose. The doses desig- 
nated for use in this quantitative assay were spaced 
at approximately 20% increments and were as fol- 
lows: 700, 850, 1000, 1200, 1450, 1750, 2100, 2500, 
and 3000 micrograms streptomycin base per 0.5 ml. 
(corresponding to values equally' spaced on a loga- 
rithmic scale before rounding). No other doses 
were used routine!}'. The concentrations were 
given per 0.5 ml. because each dose was injected on 
the basis of 0.5 ml. of the prepared solution per 20 
Gm. mouse. The selected doses were prepared as 
needed from a stock solution of the sample contain- 
ing 3000 micrograms streptomycin base per 0.5 
ml. Distilled water was used for all solutions. 

Following injection of a lethal dose, death invari- 
ably occurred within thirty minutes, and usually 
within five minutes. In fact, among more tlian 






196 


Journal of the American Pharmaceutical Association 


10,000 mice sur\-i\-ing this initial observation period, 
only 10 deaths in the following two days (all from 
one sample) were observed. No deaths occurred 
among approximately 2500 surviving mice which 
were observed for ten days after the injection. Ac- 
cordingly, the mortality occurring in the initial ob- 
servation period can be considered the final value for 
each dose, and the assay can be conducted from dose 
to dose without appreciable delay until the re- 
quirements for the design of the assay have been 
met. 

The LVio may then be read from Table IV as the 
value corresponding to the particular mortalities 
and pair of doses in each assaj’. This table was pre- 
pared for the 9 possible mortality combinations 
which can be obtained for each of the 8 dose pairs 
fulfilling the requirements set forth above for the 
quantitative assay. The iDjo’s in the table were 
computed for the corresponding pair of doses and 
mortalities using the slope of 14.8 and the methods 
described by Bliss (3). 

Since the high precision of this assay is not required 
for many types of routine samples, the assay was 
simplified for sueh samples by designing a one-dose 
procedure. This was accomplished by omitting 
alternate levels in the series of doses employed in the 
two-dose assay, and by requriing that one of these 
doses be found which kills 1, 2, 3, or 4 out of 5 mice 
or that two adjacent doses in this particular series of 
doses (Table V) be found such that no mice die at 
the lower dose and all mice die at the higher dose. 


DISCUSSION 

With the assay using two doses and 5 miw 
per dose the average standard error of tlie 
LDsa was calculated as approximately ±S7o. 
However, by running a duplicate assay on a 
sample the standard error of the average 
iDso is reduced to approximately ±6%. In 
actual practice a standard error of =*=4.2% 
of the average ZAo was found in duplicate 
assays conducted in the above manner on 50 
samples during a period of almost three 
months. In this group of assays, duplicate 
values were obtained on 7 samples, and npne 
of the differences between LD^o’s in dupli- 
cate assays on the remaining samples ex- 
ceeded IS.8% of the average LDm in each 
instance. Therefore, the actual reproduci- 
bility of the assay appears to be slightly bet- 
ter than that expected from the theoretical 
standard error of =*=6%. 

The standard error of the XAo in the one- 
dose assay was calculated as approximately 
=±= 10%. Although a large number of sam- 
ples have been assayed using the one-dose 
method, relatively few of the samples were 
reassayed because the agreement between 


Table V, — Qoa.vtitative O.vb-Dosb Assav op StrbptoiMVci.v Toxiciry in Mice" 


Dose 

1 

2 

No of Mice Dead Out of 5 Mice Injectecj 

3 4 

O*' o'' 

7()(» 

800 

730 

070 

610 

Xv (580- 

^840. 

^^1200^' 

100(1 

1150 

1050 

960 

880 

1450 

1050 

1500 

1400 

1250 

’'"^1750. 

2100 

2400 

2200 

2000 

1850 

X. ^x 

^2550. 

(360n-h) ^x 

3000 

3400 

3100 

2900 

2650 


J in the body of the table correspond to -I mortalities possible with each dose and to one mortality combination possible 
With a pair of adjacent doses 

All values are microprams base per 20 Gm mouse. 

Example: The 1450-microRram dose is injected, killing no mice A higher dose must be given The 2100 dose is chosen 
v\hich kills 3 out of o mice, thus completing the aSsay Opposite the 2100 dose in the column for 3 dead is found 2000, ihc 

corresponding to this resutt. If afl 5 mice had died at the 2100 dose, the LOw would be found in the 0 -5 column as 1750. 

& None dead at one dose and all dead at next higher dose 


The occurrence of any one of these 5 possible mor- 
talities completes this one-dose assay, and the cor- 
responding /.Dot is found by reference to Table V. 
In other respects this assay is performed in the same 
manner as the tu'o-dose assay. Only doses selected 
from the 5 doses listed in Table V arc used in this 
assay. The LDi'^s in this table were computed by 


means of the equation, X = 


(5 - y) 
14.8 


, where A' 


is the log LDi^ corresponding to the per cent mor- 
tality in probits, y, and to the log dose, x (3). . 


duplicate assays has been very satisfactory. 
Among 10 samples reassayed in a four- 
month period, duplicate values were ob- 
tained on three samples, while a difference of 
.3-3% between LDmS in duplicate assays was 
found on one and differences ranging fmm 
4% to 16% on the remaining six samples. 
This reproducibility is somewhat better than 
expected, as was also noted with the two- 
dose assay. 
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A minimum of 10 mice is needed for a 
single two-dose assay (5 mice per dose) and 
20 mice for a duplicate two-dose assay. On 
the other hand, the minimum for the one- 
dose assay is 5 mice. However, it can be 
seen that not more than 15 mice (3 doses) 
need ever be used in the one-dose assa}*^ pro- 
vided the 1450 microgram dose is the first 
dose administered. In actual routine use, 
an average of 7 mice has been used per 
sample with the one-dose method, and an 
average of 11 mice has been used per sam- 
ple with the two-dose method. These results 
were accomplished with samples of relative!}' 
uniform, but unknown, to.xicity ranging from 
700 to 3000 micrograms streptomycin base 
per 20 Gm. mouse. 

It is to be noted that quantitative results 
were obtained by the above assay methods 
on samples of unknown toxicity with the 
average expenditure of not more than twice 
the time and effort required for the purely 
qualitative safety test, namely 7 to 11 mice 
per sample for the quantitative assays as 
compared to 5 mice per sample for the 
safety test. The advantages of having 
available the LDm of every sample have far 
outweighed the disadvantages of the extra 
work involved, Furthermore, the proce- 
dure for the quantitative assay has been de- 
signed so that the assay is as easy to con- 
duct and evaluate as the safety test itself. 

The LDns’s in the tables for the quantita- 
tive assays (Tables IV and V) were com- 
puted for a doshge-mortality curve having a 
slope of 14.8, and are valid particularly for 
the assay of intravenous toxicity of com- 
mercial streptomycin in mice. As a matter 
of fact, tlie above tables could be used in 
the conduct and evaluation of assays of the 
toxicity of any drug exhibiting a slope' of ap- 
proximately 14.8 for the dosage-mortality 
curve. Since the slope of the dosage-mor- 
tality cun'e may var}' from laboratory' to 
laborator}', it is recommended that each 
laborator}' detennine tlie slope of the curve, 
and if it differs significantly from 14.8, the 
principles applied above be used to design 
similar tables for use under their particular 
conditions. 


SUMMARY 

1. An assa}' method of relatively high 
precision has been developed for the quanti- 
tative determination of the intravenous 
toxicity of commercial streptom}’'cin in mice 
using certain specified doses and 5 mice per 
dose, and evaluating the LD^ from the re- 
sulting mortalities by direct reference to 
tabulated v'alues. 

2. Two designs for the assay are de- 
scribed; a two-dose assay with a standard 
error of approximately 8% and a one-dose 
assay with a standard error of about =* 10%. 

. 3. In routine assays using the two-dose 
assay, an average of 11 mice has been used 
per sample. Using tlie one-dose assay tlie 
average has been 7 mice per sample. 

4. The slope of the dosage-mortality 
cun'e for this assay was estimated at 14.8. 

5. The observed toxicit}' of streptomycin 
increased as the length of the injection period 
was shortened from one minute to ten sec- 
onds. No difference was found between 
the ten-second and five-second rates. 

G. Females were not significantly dif- 
ferent from males in resistance to the toxicity 
of streptomycin. 

7. A significant difference in resistance 
was obsen'ed between the two strains of 
mice that were investigated. 

8. The observed toxicity of streptomy- 
cin was relatively constant when doses of tlie 
drug were given in proportion to body weight 
in tlie range from 19 to 24 Gm. 

9. No qualitative differences in toxicity 
were detected among four lots of streptomy- 
cin of different origins. 
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Trimethyl Cetyl Ammonium Pentachlorphenate 
(TCAP) and Fatty Acids as Antifungal Agents* 

By E. J. FOLEY and S. W. LEE 


The antifungal aaivity of an experimental 
ointment and two solutions containing tri- 
methyl cet)'l ammonium pentachlorphenate 
was determined and compared with results 
obtained by similar methods using prepa- 
rations containing fatty acids or their salts. 

'^HE STUDIES of many authors (1-S, 15, 16, 
24, 25) have established that fatty acids 
have marked antifungal properties, and 
therapeutic preparations of considerable 
merit containing fatty acids or fatty acid 
salts have recently been used for the treat- 
ment of dermatophytoses (9-12, 14) and 
tinea of the scalp (13). 

In previous publications (15, 16) we have 
shown that trimethyl cetyl ammonium 
pentachlorphenate (TCAP) has marked 
fungicidal properties and that free fatty acids 
are far more effective in vitro against patho- 
genic fungi than are the salts of these acids. 
Of the higher fatty acids studied (heptylic, 
caprjdic, pelargonic, capric, and undecylenic) 
the last appeared to be the most powerful 
antifungal agent. Appropriate experiments 
clearly indicated that by the use of vehicles 
which solubilize undecylenic acid or TCAP, 
their activity was greatly enhanced. 

In order to obtain superior fungicidal ac- 
tion, it was advantageous to use the 2 agents, 
TCAP and undecydenic acid, in combination 
(24), and proceeding from the above facts, 
experiments were made to determine the 
best means of providing optimum conditions 
for fungicidal effect. In vitro tests were de- 
vised to study the antifungal action of these 
agents alone and in combinations in various 
vehicles under different experimental condi- 
tions. In addition, comparisons were made 
with products containing fatty acids and 
fatty acid salts which have been recom- 
mended for the treatment of dermato- 
phytoses. The present paper describes the 
results obtained and includes toxicity data on 
3 preparations which have been used in ex- 

• Received Oct. 7, 1D4G from 'U’allace Laboratories, Inc., 
New BniDStvick, K. J. 


tensive clinical trials in the treatment of 
various forms of tinea. 

The fungicidal efficiency of TCAP is' pene- 
trant vehicles against Microsporon atidoum 
has been described in a preliminary report 
by MacKee, et al. (13). These authors 
found that TCAP in an “Intraderm” base 
was the best fungicidal agent among a large 
number examined when tests were conducted 
with infected hairs from cases of tinea 
capitis. The clinical results obtained with 
this preparation were gratifying and the 
course. of treatment was well tolerated. 

MATERIALS AND METHODS 

Liquid culture medium was made with 1% 
Nutripeptone (Baltimore Biological Laboratories) 
and 4% maltose. The agar^media consisted of this 
broth plus 2% agar. Three methods of in vitro as- 
say have been used to test the antifungal action of 
the preparations under study. 

1. Fungistatic Tests (Agar or Broth Dilution 
Method). — A modification of the Kolmer method in 
which 0.1 ml. of dilutions of the drugs in water is 
added to 4.9 ml. of melted agar or broth. The pH 
of the media was adjusted to 5.0 and 7.0 by the addi- 
tion of Maclllvaine’s buffers after sterilizing. Spore 
suspensions were prepared -by washing 1 ten-day 
agar slant culture of Trichophyton gypseitm (Ameri- 
can Type Culture Collection #9533) Trichophyton 
pnrptirewn, ilL audoidni, Microsporon lanosum, 
Epidermophytoti inguinale, or Monilia albicans in 15 
ml. of saline. In the tests 0.01 ml. of the spore 
suspensions was added to each tube. The results 
were recorded after two weeks' incubation at 30°. 
Inhibitory concentrations are expressed as final 
dilutions per ml. of agar. We have expressed the 
results obtained by this method as "fungistatic 
action,” although transoculation experiments have 
proved that the TCAP preparations are fungicidal 
in all but the highest .dilutions. 

2. Fungistatic Tests (Diffusion Zone Method in 
Agar). — Ten milliliters of agar inoculated with 0.01 
ml. of a heavy spore suspension (T. gypseum) is 
poured into a Petri dish and allowed to harden. 
Porcelain tops are used to minimize condensation. 
When liquids are to be tested, 1-cm. filter paper cir- 
cles are dipped in the preparations, drained, and 
placed on the surface of the agar. Ointments are 
placed on the surface of the inoculated agar in 1-cm. 
circles. Inhibition zones are measured after four 
days’ incubation at 30°. 
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3, Fungicidal Tests. — ^The fungicidal action of 
liquids was determined by tbe Emmons (17) and 
by the Burlingame-Reddish methods (18), using 
10-ml. tubes of 1% neopeptone, 2% dextrose broth 
adjusted to pK 7,0 by the addition of sterile phos- 
phate buffer. T. gypseum ATCC jf9533 was used as 
the test organism. A special procedure, which we 
have called the "agar mixture technique,” was de- 
vised to determine the fungicidal action of ointments. 
Five-tenths milliliter of the preparation under test 
was mixed with 9.0 ml. melted Sabouraud’s agar 
(Difco) 5.6 in a test tube which was then cooled 
to 45°. The agar was poured into a Petri dish con- 
taining 0.5 ml. of .a dilution of T. gypsetim spores, 
mixed thoroughly, and made to harden quickly by 
holding the plate for two minutes on a cliilled sur- 
face. The inoculum was adjusted so that the addi- 
tion of 0,5 ml. to 9.5 ml. of the agar-drug mixture 
gave one million spores per ml. of the final agar mix- 
ture. Plugs 0.5 cm. in diameter were removed from 
the agar with a sterile cork borer and seeded into 10 
ml. of broth adjusted to pH 7 at ten-, twenty-, and 
thirty-minute intervals after the plat.es were poured. 
Results were recorded after two weeks’ incubation 
at 30°. 

Composition of Experimental Antifungal 
Preparations 

E.vperimental ointments were prepared by con- 
ventional methods using a partly esterified mixture 
of fatty acids, principally stearic, but containing 
oleic and palmitic acids and higher alcohols, as the 
"wax” component. 

The basic formula to which the various active in- 
gredients were added was as follows: 


Wax 21.0 Gm. 

Spermaceti 3.3 Gra. 

Propylene glycol N. F 5.5 Gm. 

Water j. s. to make 100.0 Gm. 


In order to facilitate discussion and to illustrate the 
formulation of the experimental ointments in' general 
Formula "A” is given as an example: 


Formula “A” 

' Trimcthyl cctyl ammonium 

pentachlorphcnate (40% 

aqueous slurry) 5 . 5 (2 . 2%) 

Undccylenic acid 1.0 

Wax . 21.0 

Spermaceti *. . 3.3 

Propylene Glycol N. F 5.5 

Water (Distilled) 63. 7 


Variations of this formula made for comparisons 
are indicated in Table I. 

The solutions studied were variations of the prep- 
aration described by MacKee, el al. Formula "B" 
is a fungicidal solution containing 3.2% TCAP, 1% 
undccylenic acid, 10.8% propylene glycol, 9.8% 
sulfonated castor oil, 12.6% antipjTinc, a wetting 
agent of the alkyl benzene sulfonate tjTJe 5.2%, 
and water. 

Fonnula "C” is a fungicidal solution containing 
1% TCAP, 1% undccylenic acid, 12% propylene 


glycol, 12% sulfonated castor oil, 3.5% antipyrine, 
a wetting agent of the alkyl benzene sulfonate type 
6%, and water. 

All three of the preparations tested had a pH of 
about 5.0. 

EXPERIMENTAL 

A variety of experimental preparations were com- 
pared for antifungal actirdty by the agar dilution 
technique using T. gypseum as the test organism. 
The results are shown in Table I. 

Table I. — Antifungal Action of Various Prep- 
arations Diluted in Water and Incorporated 
IN Sabouraud Agar at 5.6 and 7 against 
T. gypseum 



5.6 

fH7 

5% propionic ointment 

<1/500'’ 

<1/500 

1% undccylenic ointment 

1/1000 

<1/500 

5%undecylenic ointment 

1/8000'’ 

<1/500 

5% caprylic ointment 

1/3000 

<1/500 

2.2% TCAP ointment 

1/4000' 

1/1500 

(Formula A) 2.2% TCAP 
+ 1% undecylenic oint- 
ment 

1/4000 

1/1500 

2.2% TCAP -f 5% un- 
decylenic ointment 

1/8000' 

1/1600 

2.2% TCAP + 5% caprylic 
ointment 

1/4000 

1/1500 

TCAP liquid (Formula B) 
3.2% TCAP + 1% un- 
decylenic acid 

1/8000'' 

1/2500 

TCAP liquid (Formula C) . 
1% TCAP + 1% un- 
decylenic acid 

1/3000 

1/1000 

TCAP Liquid 

3.2% TCAP 

1/8000 

1/2500 


1% propionic acid 
(Formula B except propionic 


replacing undccylenic 


acid) 

Zinc undccylenate ) 
20% 

Undecylenic acid 5% J 

» ment 

1/1600 

<1/500 

Sodium propionate ) 
16.4% 

Propionic acid 3.6% J 

Soint- 
> ment 

<1/500 

<1/1500 


“The figures shomi indicate the dilutions of ointment per 
ml. of agar preventing the growth of T. gypstum. 

& Subcultures of agar show fungicidal action at a dilution of 
1 / 2000 . 

* Subcultures of agar show fungicidal action at a dilution of 
1 / 3000 . 

^ Subcultures of agar show fungicidal action at a dilution of 
1 / 6000 . 


The data in Table I show that the antifungal 
properties of the various preparations are a function 
of the concentration of the ingredients and of their 
beha\'ior at pH 5.6 or pH 7. 

Propionic acid and sodium propionate are knoini 
to be weak fungistatic agents and ointments con- 
taining large amounts of these ingredients were not 
inhibitory at a 1/500 dilution. The 1% and 5% 
undccylenic acid ointments were active at pH 5 
roughly in proportion to concentration of the acid. 
The 5% captylic acid ointment was weaker than the 
5% undccylenic acid ointment. The zinc undecylcn- 
atc ointment was signiffcantly less active than the 
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5^ undecjicnic acid ointment. The 2.2% TCAP 
ointment inliibited when diluted 1/4000. The addi- 
tion of 1% unde; Ic lic acid or 5% caprylic acid to 
this fonnuia did nit increase its inhibitory action. 
However, when o% undecylenic acid was added it 
inhibited at a dilution of 1/SOOO. It is of importance 
to compare the det-cc of inhibition obtained at pH 
5 with those obtained at fiH 7. It will be noted that 
at the higher pH, the preparations containing TCAP 
were still active at a dilution of 1/1500 or higher, 
while those containing fatty acids or salts of fatty 
acids failed to inhibit at the 1/500 dilution. 

The actianty of the TCAP ointments at pH 7 is. 
therefore, an expression of the antifungal properties 
of the quaternary ammonium salt. Furthermore, it 
will be noted that the addition of 1% undecylenic or 
5% caprylic acid to ointments containing 2.2% 
TCAP does not increase their antifungal properties 
over that of an ointment containing 2.2% TCAP 
only. When 5% undecylenic acid is added to the 
2 2% TCAP ointment, however, the inhibitory titer 
rises to 1 /SOOO. 

The inhibitory titer exhibited by the TCAP 
liquids at both pH 5 and pH 7 are what would be 
expected on the basis of the amounts of TCAP 
present. It is obidous that the TCAP-undecylenic 
acid preparations, as exemplified by Formulas A 
B, and C, have marked antifungal properties. 


parative activity of Formulas A, B, and C’ when 
tested by the dilution method in agar and broth. 
The results of such a comparison are shown in 
Table II. 

The data in Table II show that- an even higher 
range of activity is manifest by preparations A, B, 
and C when tested in broth than when tested in agar 
dilutions. It is probable that the lower fungistatic 
end points obtained in agar, as compared with those 
obtained in broth, are due to inhibition of TCAP 
by agar. However, as previously noted, agents 
other than quaternary ammonium compounds give 
higher values when tested against pathogenic fungi 
in broth than when tested in agar. 

Growth inhibition tests were also carried out 
against T. purptirenm, M. audouuti, M. lanosm, 
E. inguinale, and Monilia 'albicans by the agar dilu- 
tion technique. The results are shown in Table III. 

The data in Table III show that Formulas A, B, 
and C are highly active against pathogenic fungi 
other than T. gypseum. All 3 preparations inhibit 
T. purpureum, M. audouini, M. lanosnm, and E. 
inguinale in high dilution svhen tested at pH 5.6. 

The preparations are less active when tested at 
pH 7. yet even at this pH considerable activity is 
retained. Monilia albicans is more resistant to the 
drugs than are the fungi. 

The inhibiting action of several of the preparations 


Table II. — Antifungal Action of Various Preparations Diluted in Water and Incorporated in 
Agar or Broth Medium at pH 5.6 and pH 7 against T. gypseum 



Agar 

5 C 

Broth 

7.0 

Agar Broth 

Formula A, TCAP ointment 

2.2% TCAP, 1% undecylenic acid 
Formula B, TCAP liquid 

1/4000 

1/6000 

1/1500 

1/2000 

• 

3.2% TCAP, 1% undecylenic acid 

1/8000 

1/12,000 

1/2500 

1/4500 

Formula C, TCAP liquid 

1% TCAP, 1% undecylenic acid 

1/3000 

1/4500 

1/1000 

1/2000 


Table III. — Fu.vgistatic Action of TCAP-Undecylenic Acid Ointment and Liquids against Various 

Pathogenic Fi/ngi and Monilia Albicans 


T. purpureum 
.1/. audouini 
M. lanosum 
E. inguinale 
Monilia albicans 


Dilutions of Preparations 
Formula A 


Agar 

Agar 

pH 5.G 

pH 7.0 

1/4000 

1/800 

1/5000 

1/800 

1/5000 

•1/800 

1/5000 

1/800 

1/400 

1/500 


Inhibiting Growth in Agar at pH 5.G and pH 7.0 

Formula B Formula C , 

Agar Agar Agar "S2L 

pH 5.0 PH 7.0 pH 5.0 pH 7.0 


1/10,000 

1/10,000 

1/5000 

1/16,000 

1/500 


1/1000 1/5000 1/800 
1/1000 1/5000 1/800 
1/800 1/5000 1/600 
1/1000 1/5000 1/800 
1/400 1/400 1/100 


It has previously been shown that higher end 
points are obtained when broth is used to test the 
fungistatic action of fatty acids than when tests 
are made in agar medium. We have confirmed this 
observation (24) using the fatty acids and have 
shown that TCAP is more active when tested in 
broth than when tested in agar. Recently Quisno, 
e! al. (27) have shown that the action of quaternary 
ammonium salts are impaired in the presence of 
agar. It was of importance to determine the com- 


in Table I, as indicated by the growth inhibition 
zone technique, arc shown in Table IV. 

It has been previously noted that the width of the 
inhibitory zones produced by such agents as the 
higher fatty acids and TCAP is influenced by their 
solubility (15, 16). This being the case, indications 
of the comparative antifungal activity of these ma- 
terials can only be obtained if serial dilutions in 
suitable solvents are compared (24). Wlien the 
data in Table IV are compared with those in Table 



Scientific Edition 


201 


Table IV. — Inhibition of T. Gypseum by Various 
Antifungal Agent.s Diffusing through Sa- 
douraud's Agar pH 5.6 


2.2% TCAP ointment 

2.2% TCAP + 1% iradecylenic acid ointment 
(Formula A) 

2.2% TCAP ointment + 5% undecylenic acid 


Ointment 

^Ointment 


Zine undecylenate 20% 

Undecylenic acid 5% 

Sodium propionate 16,4% 

Propionic acid 3.6% 

Liquid (Formula C), 1% TCAP, 1% undecy- 
lenic acid (Formula C) 

Liquid (Formula B), 3.2% TCAP, 1% un- 


decylenic acid (Formula B) 


Cm. 

3.8 

4.2 

4.5 

4.5 

5.4 


4.S 


5.2 


I, it is apparent that no true gauge of the compara- 
tive activity of ointments containing water-insoluble 
antifungal agents can be obtained by merely placing 
ointments on a culture plate, according to the com- 
monly used inhibition zone technique. 

In Table IV, the sodium propionate ointment pro- 
duced the widest zone of inhibition, obviously be- 
cause the active ingredient is water soluble. The 
zone of inhibition produced by this ointment is 
wider than that produced by the 3.2% TCAP, 1% 
undecylenic acid solution, yet, the propionate oint- 
ment failed to inhibit growth when diluted 1/500 
(Table I), while the TCAP-undecylenic acid solu- 
tion was inhibitory at a dilution of 1/8000 and was 
proved by subculturing to the fungicidal at a dilu- 
tion of 1/5000. The fungicidal effects of TCAP 
solutions were tested by the Emmons technique (17) 
and by the Burlingame-Reddish technique (18). 
The results arc shown in Table V. 


technique. . These re.sulLs are shown in Table V. 

It will be seen in Table V that the marked fungi- 
cidal activity of the TCAP solutions is demon- 
strated by the Emmons and the agar mixture tech- 
nique, It is of interest also to note the fungicidal 
capacities of the ointments as shown by the agar 
mixture technique. One to 20 dilutions of the 2.2% 
TCAP, 1% undecylenic acid ointment, and the 
zinc undecylenate ointments killed T. gypseum 
spores within ten minutes, but the sodium propionate 
ointment failed to kill within the thirty-minute ex- 
posure period. It was noted above that agar may 
have an adverse effect on the activity of TCAP, 
and for this reason the agar mixture fungicidal 
technique cannot be claimed to give critical quantita- 
tive values. In our hands, however, the method has 
given useful data, and we regard it as an additional 
tool in studying antifungal drug preparations. 

Numerous acute and chronic toxicity studies on 
TCAP in the Intraderm base were made in animals 
and sensitization studies were made in rats, rabbits, 
and guinea pigs repeatedly inuncted m’th the solu- 
tion, In addition, large numbers of patch tests and 
cumulative inunction tests were made in humans to 
determine primary irritation or hypersensitivity to 
' Intraderm TCAP and TCAP Ointment. 

No evidence of primary irritation or sensitization 
or of chronic toxicity was noted in the inuncted 
animals, and no instance of irritation or sensitization 
occurred in a scries of 330 human subjects repeatedly 
inuncted with the products and retested after a 
two-week interval. The acute toxicity of a 2.5% 
TCAP solution in water was determined on mice 
The results, expressed in terms of % survival five 


Table V. — Fungicidal Action of Various Products as Shown by Several Methods of Testing 


Formula B 
Formula C 
Formula A 

Sodium propionate 16.4%) 
Propionic acid 3.6% f 

Sodium propionate 16.4%) 
Propionic acid 3.6% / 


Ointment 

Liquid 


Technique by Which Tests Were Conducted 
Emmons Burlingame-Reddish Agar Mixture 

Killed 10 min. Killed 30 min. 

Killed 10 min. Not killed 30 min 


Killed 10 min. 
Killed 10 min. 
Killed 10 min. 
Killed 10 min. 


Not killed 30 min. 


Not killed 30 min. 
Not killed 30 min. Not killed 30 min. 


Rapid killing of spores (within ten minutes) was 
demonstrated by the Emmons method ; this result is 
in keeping with the result of MacKce, cl al. How- 
ever, no killing was detected within thirty minutes 
by the Burlingame-Reddish method. 

In order to study the killing effects of the liquids 
under conditions which would assure contact of the 
active ingredients with the spores, a special tech- 
nique, described under Methods and called the “agar 
mixture technique,'’ was devised. It was feasible to 
study the fungicidal capacities of ointments by this 


days after the subcutaneous injection of the solution 
are shown in Table VI. 


Table VI. — Acute To.xicitv of 2.5% Aqueous 
TCAP Solution (Mice) 


Subcutaneous 


Injections, 

Survival after 5 

•Ml./Kg. 

Days, Per Cent 

20 

30 

15 

60 

10 

100 



202 


Journal of the American Pharmaceutical Association 


DISCUSSION. 

The data presented emphasize the facts previously 
noted by us that solubilized undecylenic acid and 
TCAP have remarkable fungicidal properties and 
indicate that their use in combination according to 
either Formulas A, B, or C is warranted because of 
the high order of actiUty shown in vitro (Table I) 
and because of the absence of contraindications on 
grounds of toxicity. 

W’e have previously noted (15, 16, 24) the superi- 
ority of free fatty acids over the corresponding 
salts in antifungal activity and have pointed out 
that TCAP is similarly influenced by pH although to 
a lesser extent since considerable activity is shown by 
this compound at pH 7 and pH 8. It should be 
emphasized that the products containing the com- 
bination of active ingredients are extremely active 
at the pH of the normal glabrous skin and scalp and 
retain much activity even at higher pH such as may 
be encountered in infected areas or in the places 
where sweat evaporation is retarded (26). 

The vehicles described have been prepared on the 
basis of compatibility with the active ingredients. 
Particular attention has been given to obtaining a 
mildly acid pH because of superior activity in the_ 
range of pH of the normal skin. 

The use of solubilizing vehicles is important in 
obtaining the best results (15, 16, 24). It is obvious 
that water-insoluble active ingredients must be in- 
corporated in suitable solubilizing vehicles if maxi- 
mum effects are to be obtained. In the case of the 
TCAP, undecylenic acid ointment (Formula A) 
the wax combination used forms a solubilizing emul- 
sion in which the active ingredients are dispersed. 
The liquid vehicles (Formulas B and C) have 
specialized properties. Formula B has well-defined 
skin penetrating action (19-23) and has been pre- 
pared for the treatment of intractable fungous in- 
fections, especially those in which the fungus may 
be thought to reside below the skin surface. 

Formula C contains 1% TCAP and 1% un- 
decylenic acid in true solution and has a high 
degree of fungicidal action (Table I). It was pre- 
pared for the treatment of, and as a prophylactic 
against, dermatophytoses of the glabrous skin, and 
as a prophylactic shampoo against tinea capitis. 

The data in Table I show that the preparations 
containing TCAP and undecylenic acid have power- 
ful antifungal action. The ointment (Formula A) 
containing 2.2% TCAP and 1% undecylenic acid 
capable of inhibiting the growth of T. gypsetim 
when diluted 1/4000 in agar media at pH 5.6. the 
Intraderm liquid (Formula B) containing 3.2% 
TCAP inhibits at a dilution of 1 /8000, and the fungi- 
cidal liquid (Formula C) containing 1% each of 
TCAP and undecylenic acid inhibits at a dilution 
of 1/3000. Still higher ranges of actiUty are ob- 
tained when tests are carried out in broth, and it is 
probable that the figures obtained by methods in- 
volving the use of agar culture media fail to reveal 
the true antifungal activity of the products con- 
taining TCAP. 


A high order of activity is manifest by all 3 
preparations at pH 7.0. Furthermore, as can be 
seen in Table IV, they have a rapid fungicidal ac- 
tion. Another point of interest in regard to the 
physical charactristics of the preparations is seen in 
Table III, in which a satisfactory degree of diffusion 
of the active ingredients in agar media is demon- 
strated. 


SUMMARY AND CONCLUSIONS 

The antifungal activity of 3 preparations 
containing trimethyl cetyl ammonium penta- 
chlorphenate (TCAP) and undecylenic acid 
has been compared with other preparations 
containing fatty acids or their salts, some of 
which have been reported to be useful for 
the treatment of dermatophytosis. 

The TCAP-undecylenic acid preparations 
were found to be more active against patlio- 
genic fungi than were the other preparations 
studied. 

The effect of solubilizing vehicles and />H 
of the preparations on the activity of fatty 
acids and TCAP has been discussed. 
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Stability of Iodine Solutions and Tinctures*'^’^ 

By GEORGE D. BEAL5, KENNETH L. WATERS », and PAUL BLOCK, JRA 

Storage -experiinents on Iodine Tincture U. S. P., Strong Iodine Tincture ,N. F., 
Solution of Iodine N. F., and Strong Solution of Iodine U. S. P. have been carried 
out over a period of thirty months. These preparations were found to be stable in 
clear, amber, and blue glass-stoppered bottles. Additional studies on Iodine 
Tincture when in actual use in first-aid cabinets for a period of a year showed that 
this preparation maintained the required Pharmacopffiia strength. Assay of col- 
lected samples of Strong Iodine Tincture which had been subject to household 
use for indefinite periods indicate that improperly stored samples of this product 
may have an iodine content higher than that permitted by the official compendia. 


A LTHOUGH a tincture of iodine was not 
^ recognized in the first Pharmacopoeia 
of the United States, we find that both of 
the 1830 revisions (1, 2) contain Tincture 
of Iodine. The Pharmacopoeia of 1840 (3) 
recognized not only Tinctime of Iodine 
prepared by dissolving 1 oz. of iodine in a 
pint of alcohol, but also a Compound 
Tincture and a Compound Solution of 
Iodine. The Compound Solution was pre- 
pared by dissolving 6 drachms of iodine and 
iVs oz. of potassium iodide in a pint of 
water. This preparation has remained 
virtually unchanged during the past century 
and appears in the Thirteenth Revision 
(4) as Strong Solution of Iodine. The 
Compound Tincture contained Vs oz. of 
iodine and 1 oz. of potassium iodide in a 
pint of alcohol, which is approximately 
half the strength of Strong Tincture of 
Iodine N. F. VIII (5). In the 1850 revision 

(6) the Compound Tincture was deleted. 
The status of the approximately 7 per cent 
tincture remained relatively unchanged until 
1905 at which time the Eighth Revision 

(7) directed that 5 per cent of potassium 
iodide be added. U. S. P. IX (S) stated 
that 50 cc. of water should also be added. 
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solution) remains in the U. S. P. 
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This preparation remained in the Pharma- 
copoeia until the Thirteenth Revision at 
which time it was deleted and is now official 
in National Formulary VIII (5). 

A 2 per cent tincture was added to U. S. P. 
XI (9) as an antiseptic solution for ex- 
temporaneous skin sterilization and for 
use as a first aid dressing for cuts and 
woimds in the home. This Mild Tincture 
was introduced after extensive investigation 
(10, 11) had shown its general usefulness 
and bactericidal efficiency. The milder 
tincture does not appear to destroy tissues 
thus promoting more rapid healing tlian 
does the 7 per cent tincture. In addition, 
the 2 per cent tincture is prepared with 
dilute alcohol rendering it considerably less 
irritating when applied to open wounds. 
The Pharmacopceial Subcommittee on Scope 
recognized the advantages of the 2 per cent 
tincture and voted to delete the 7 per cent 
tincture and to change the name of Mild 
Tincture of Iodine U. S. P. XII to Iodine 
Tincture U. S. P. XIII. Realizing the use- 
fulness and popularity of the stronger tinc- 
ture the National Formulaiy VIII (5) 
adopted the 7 per cent tincture. 

Karns, Cretcher, and Beal (12) have 
demonstrated that protein absorbs iodine 
more readily from an aqueous solution tlian 
from an alcoholic solution of equal strength. 
Furtlier studies indicate that the. dosage 
deposited depends not only' on tlie solvent, 
but also on the iodide to iodine ratio. It 
has been found by adjusting this ratio tliat 
a solution could be obtained which would 
deposit an adequate dosage yet contain a 
smaller amount of iodine. A 2 per cent 
aqueous solution proved satisfactory^ in 
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this respect. In such a solution the cliemi- ' 
cal and osmotic contributions to pain are 
considerably lessened, thereby giving a 
more physiologically desirable preparation. 

A water solution of iodine is superior to • 
an alcoholic solution in rate of penetration 
do) and is just as efficient as a bactericide 
(14). The clinical test of Secor (1.3) showed 
the 2 per cent aqueous solution to be an 
excellent antiseptic for general hospital use. 
Consequently, Solution of Iodine was made 
official in the U. S. P. XII (IG). However, 
this product did not gain popular acceptance, 
possibly because of the low rate of evapora- 
tion of the aqueous solvent and the higher 
freezing point, and was deleted from U. S. P. 
XIII. It is official under the name Iodine 
Solution in X. F. VIII. 

The stability of tinctures and solutions 
of iodine has been questioned on many 
occasions since they were first introduced 
into the Pharmacopoeia. Investigators have 
claimed that the changes which take place 
have been due to the glass (17), the im- 
purities in the alcohol (18), the closures 

(19) , heat (20), and light (21). Potassium 
iodide was used in the preparation of Solu- 
tion of Iodine and in Compound Tincture of 
Iodine in the Pharmacopoeia of 1840 (3). 
It is probable that the addition was for 
purposes of solubility rather than stability 
but writers soon pointed out the fact that 
potassium iodide increased the keeping 
qualities (20, 22, 23). In 1916 Gianturco 

(20) stated that six months was the maxi- 
mum safe period for keeping iodine solutions 
intended for chirurgical purposes. In 1928 
Bohrish (21) claimed that the preparations 
are stable but are kept best in completely 
filled containers of brown glass. Others 
(IS, 24, 23) have also shown that the prepa- 
rations are relatively stable. 

Since the Thirteenth Revision of the 
Pharmacopoeia (4) recognizes one tincture 
and one solution and the National Formu- 
larc' (5) recognizes one tincture and one 
solution, it was thought it would be interest- 
ing to study the keeping qualities of these 
preparations. We have stored Iodine Tinc- 
ture U. S. P., Strong Iodine Solution U. S. 
P., Strong Iodine Tincture, N. F., and 
Iodine Solution N. F. under various condi- 


tions and in clear, amber, and blue glass- 
stoppered bottles, the light transmission of 
which has been measured. Our obsetvations 
are that even when stored under drastic 
conditions, such as exposure to direct 
sunlight during summer months, tlie prepa- 
rations are relatively stable. The free iodine 
content of the official preparations showed 
little change during the thirty-month 
storage. Measurements of acidity showed 
that the tinctures after storage ranged from 
pH 3.8 to pH 4.7 whereas the aqueous 
solution measured pH 7.0 to pH 7.5. Ap- 
parentl}^ no appreciable acidity is developed 
during storage. 

It is realized that placing the preparations 
in glass-stoppered bottles and opening them 
periodically to remove samples for analysis 
ma)’- not be typical of the conditions to which 
such preparations are subjected in actual 
use. Since some manufacturers have 
claimed that the 2 per cent tincture docs 
not maintain its strength when in use, we 
have filled 2-oz. clear, glass-stoppered bottles 
with tincture of iodine and placed the 
bottles in first-aid cabinets where they were 
in constant use for one year. The use of 
glass-stoppered bottles eliminated the possi- 
bility of reaction with the closure and in- 
sured compliance with U. S. P. packaging 
requirements in that the container shall not 
interact physically or chemically with the 
drug it holds. 

The re-analysis of these samples after 
one year showed that there was very little 
change although in some cases only a few 
cubic centimeters of tincture remained in 
the bottle. There was a slight increase in 
the per cent of free iodine, but none of the 
samples rose above the permissible nfaxi- 
mum limit of 2.2 per cent. 

To investigate further the practical keep- 
ing qualities of iodine preparations we 
collected bottles of Strong Iodine Tincture 
from individuals. These samples had no 
known history other than that they were 
purchased by the individual as Tincture of 
Iodine U. 13. P., some of them probably 
five years previous to our collection. Since 
no previous analysis had been made by us 
it can only be assumed that these samples 
were within the limits for free iodine when 
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purchased. Our analysis showed that S 
of the 13 samples collected had an iodine 
content greater than 7.5 per cent, the 
maximum permitted for the official product. 
Some of the closures on the samples con- 
taining the higher per cent of iodine were 
faulty, which could account for increase 
through evaporation of solvent. 

Our experiments indicate that the official 
preparations of iodine are relatively stable 
when properly stored, i.e., with closures 
resistant to iodine. The results of the 
analysis of the household samples of the 
Strong Iodine Tincture showed that this 
preparation in actual home use apparently 
loses alcohol by evaporation, thus increasing 
its iodine content. Iodine Tincture showed 
little increase in iodine content when in use 
in first-aid cabinets during the course of 
one year, indicating that if this product is 
stored properly it is a stable preparation. 

EXPERIMENTAL 

Storage of Official Preparations in Clear, Amber, 

and Blue Glass-Stoppered Bottles 

Iodine Tincture, Strong Iodine Tincture, Iodine 
Solution, and Strong Iodine Solution were made 
in accordance with directions given in the United 
State.s Pharmacopoeia XIII (4) and in the National 
Formulary VIII (5;, The preparations were placed 
in 2-L,, glass-stoppered bottles and allowed to age 
for a period of three months in the dark. They 
were then transferred to clear, amber, and blue, 
glass-stoppered bottles. A detailed description* 
of these bottles follows: 



Fig. 1. — Clear glass bottle. 


* Tlic ftuthors wish to express their appreciation to Mr. 
J. r. Grccnc, Direclor of Ucscarch, The Kimble Glass Com- 
p.viiy, for the curves on transmission. 


Clear Glass Bottles. — ^These were 16-oz. ca- 
pacity, square, and glass stoppered. Ten grams 
of the powdered glass when prepared and treated 
in accordance with directions given in U. S. P. 
XIII for Type I Glass containers gave a titration 
of IS.S cc. of 0.02 JV sulfuric acid. Measurements on 
a sample of the glass 1.9 mm. thick averaged 91% 
light transmission between wa’ve lengths 4000 A. 
to 7000 A. This curt'e is shown in Fig. 1. 

Amber Glass Bottles. — These were square, 
16-oz. capacity, and glass stoppered. Ten grams 
of the powdered glass when prepared and treated in 
accordance with directions given in U. S. P. XIII 
for Type I Glass containers gave a titration of 1.1 
cc. of 0.02 N sulfuric acid. Measurements on a 
sample of the glass 1.8 mm. thick showed a range 
from 2% to 70% light transmission between wave 
lengths 4000 A. to 7000 A. This curv'e is shown 
in Fig. 2. 



WAVELENGTH IN ANGSTROM UNITS 
Fig. 2 — Amber glass bottle. 

Blue Glass Bottles. — These were round, 8-oz. 
capacity, and glass stoppered. Ten grams of the 
powdered glass when prepared and treated in ac- 
cordance with directions given in U. S. P. XIII 
for Type I glass containers gave a titration of 13.1 
cc. of 0.02 N acid. Measurements on a sample of 
the glass 2.2 mm. thick gave an irregular light 
transmission curve showing 88% transmission at 
4000 A., 64% at 6000 A., and 90% at 7500 A. 
This curve is shown in Fig. 3. 

The bottles, filled with preparations to be tested, 
were placed on a shelf in the laboratory so as to 
duplicate usual storage conditions. These were 
assayed at three-month intervals and then trans- 
ferred to another storage space. At no time were 
thej' protected from light in any way. For two 
separate three-month periods they were placed on 
a window sill where they were e-tposed to direct 
sunlight. One of these periods was during the 
summer months and on several occasions a thermom- 
eter placed near the bottles reached 40°. After 
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Fig. 3. — Blue glass bottle. 


this drastic storage period the Strong Iodine Tinc- 
tture showed a loss of about Q.5% of its weight; 
the Iodine Tincture lost about 0.3% in weight; 
the Iodine Solution lost about 0.3% and the Strong 
Iodine Solution lost about 0.2%. This loss in 
weight was probably due to evaporation through 
the stopjers since the percentage of iodine in all 
preparations showed a slight increase. If there 
was a loss of iodine, the loss was less rapid than that 
of the solvent under such drastic storage conditions. 

The per cent of iodine in these preparations over 
the thirty-month storage period is given in Table I. 


the total iodine content. With this possible c.xctp. 
tion it is noticed that the transmission of light 
through the' container has little effect on the stability 
of the preparations: the indications are that light 
is a minor factor influencing the stability. It is 
believed thpt the slight differences noticed are not 
significant in the therapeutic usefulness of iodint 
preparations. It may be concluded from thb 
study that these iodine preparations when stored 
according to U. S. P. specifications, in tight con- 
tainers with iodine resistant closure, may be ci- 
pected to maintain their required strength for 
several years. The requirement for light-resistant 
containers for Strong Iodine Tincture appears to 
be unwarranted. 

Iodine Tincture in Use in First-Aid Cabinets 

Four liters of Iodine Tincture were prepared in 
accordance with U. S- P. XIII instructions and 
placed in 2-L., clear, glass-stoppered stock bottles. 
One of the stock bottles was stored in the dark for 
one year and the other was used to fill 2-oz., clc.ar, 
glass-stoppered bottles which were placed in first- 
aid cabinets and subjected to continued use for one 
year. The only attention given the tinctures 
during the year was to remove them from the 
cabinets before they were entirely empty so that 
some sample would be available for analysis at the 
end of the year test period. This was nccessar)’ 
in the case of 2 bottles, which contained only 6 to 
10 cc. w'hen removed. Table II summarizes the 
results of this study. 

One must conclude that Iodine Tincture is rela- 
tively stable under conditions of use. There is a 


Table I. — Stability of Iodine Preparations 


Iodine Tincture 

Type 

Bottle 

Clear 

Freshly 

Prepared 

1.95 

U. S. P. XIII 

Amber 

. - 

Strong Iodine Tincture 

Blue 

Clear 

6.94 

N. F. VIII 

Amber 


Iodine Solution 

Blue 

Clear 

1.95 

N. F. VIII 

Amber 


Strong Iodine Solution 

Blue 

Clear 

4.95 

U. S. P. XIII 

Amber 

•• 


Although not recorded in the table, the iodide 
content of the preparations showed no significant 
changes. The final values were determined 
with a glass electrode. In such unbuffered solu- 
tions this f^re may be meaningless, but it in- 
dicates that no appreciable acidity was developed. 
It may be observed from Table I that the only 
significant change in iodine content has occurred 
in the amber bottle containing the Iodine Solution. 
The iodine content of this bottle dropped from 
1.93% to 1.75%, or a loss of slightly over 9% of 


3 Mo. 

-Per Cen 

C Mo. 

t Iodine 

18 Mo. 

30 Mo. 

Final 

Aging 

Storage 

Storage 

Storage 

pll 

1.93 

1.94 

1.91 

1.99 

3.8 


1.96 

1.94 

2.00 

3.8 


1.95 

1.91 

1.99 

3.9 

6. 86 

6.92 

6.90 

7.04 

4.7 


6.92 

6.88 

7.06 

4.7 


6.92 

6.93 

6.91 

5.4 

1.93 

1.93 

1.89 

1.90 

7.5 


1.83 

1.78 

1.75 

7.0 


1.89 

1.84 

1.82 

7.5 

4.91 

4.94 

4.89 

4.98 

7.5 


4.95 

4.89 

4.99 

7.5 


Table II. — Iodine Tincture in First-Aid 
Cabinets 



Iodine % 

Nnl, % 

• 

pH 

Freshly prepared 

2.00 

2.20 

6.6 

Stock sol. after 1 yr. 

1.99 

2.20 

4.0 

Bottle 1 after 1 yr. 

2.14 

2.37 

3.9 

Bottle 2 after 1 yr. 

2.06 

2.29 

4.0 

Bottle 3 after 1 yr. 

2.01 

2.26 

3.9 

Bottle 4 after 1 yr. 

2.06 

2.30 

4.0 

Bottle 5 after 1 yr. 

2.01 

2.36 

4.0 
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slight increase in both iodide and iodine cpatent. 
This is probably due to evaporation of solvent. 
The of the solution shows that no appreciable 
acidity is developed. Although the freshlj’ prepared 
solution is given as pH 6.6, it is normal for such 
solutions to drop to pH 5 within twenty-four hours 
after preparation. These results are contrary to 
the fact that a 2% Iodine Tincture is sometimes 
found on the market with a low iodine content. 
The loss of iodine in such cases is no doubt due to 
the absorption by iodine reactive closures. 

Studies on Old Strong Iodine Tincture Samples 

Thirteen bottles of Strong Iodine Tincture were 
collected from individuals and analyzed. These 
samples have no known history other than that 
they were purchased by the individuals as Tincture 
of Iodine U. S. P. (labeled in accordance with 
U. S. P. XI or XII) some probably five years pre- 
vious to our collection. Since no previous analysis 
had been made, it can only be assumed that the 
samples were originally within the limits set by the 
U. S. P. Some of the closures were faulty, and 
some labels showed evidence of considerable age. 
Results of these analyses are shown in Table III. 


Table III. — Analysis of Old Strong Iodine 
Tincture Samples 


No. 

Iodine, % 

Ki, % 

1“ 

14.5 

16.5 

. 2 

7.4 

5.6 

3 

9.3 

9.7 

4 

7.1 

5.2 

5 

7.3 

6.7 

6 

7.1 

5.6 

7 

10.7 

10,8 

S 

8.1 

7.4 

9 

8.2 

7.7 

10 

6.9 

5.4 

11“ 

16.3 

14.8 

12 

7.7 

5,9 

13 

8.6 

7.2 


“ Closures in bad condition. 


It may be observed that 8 of the 13 samples 
exceed 7.5% iodine, whereas 1.1 of the 13 samples 
exceed 5.5% potassium iodide, the maximum limits 
set by the official compendia. No significance can 
be attached to these figures other than that of actual 
analyses of household-used Tincture of Iodine. 
The samples which were found to be extremely 
high, e.g.. Nos. 1, 7, and 11, were obviously very 
old and showed visible evidence of evaporation. 
Improperly stored samples such as these have 
probably given rise to the belief that aged Strong 
Iodine Tincture is stronger and tlicreforc is hannful. 


SUMMARY AND CONCLUSIONS 

1. It has 'been shown that the official 
iodine preparations when stored in all-glass 
containers are stable preparations. 

2. Clear, amber, and blue bottles are 
equally satisfactory for storage, showing 
that light alone has little effect on the 
stability of the preparations. 

3. Iodine Tincture (Mild Tincture of 
Iodine U. S. P. XII) in proper containers 
is not subject to appreciable change under 
actual conditions of use for a period of a 
jrear. 

4. A surve}^ of household samples of 
Strong Iodine Tincture has shown that 
these samples have a tendency to be some- 
what stronger than official specifications. 
This tendency is probably due’ to improper 
closures. 
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A Modified Kober Method for the Determination of 
Alpha- and Beta-Estradiol* 

By JONAS CAROL and J. C. MOLITOR 


A method is described for the determination 
of a- and /3-estradiol by a modified Kober 
procedure. It is based on the fact that /3-estra- 
diol reacts with Kober’s reagent in the cold 
while ot-estradiol does not. The results of 
analysis of a series of samples containing the 
two isomers are given. 

"CxiSTiNG chemical methods for the de- 
termination of estradiol are of limited 
value in estimating biological potency since 
they do not indicate the relative amounts of 
tile a- and /3-isomers present. DoisyL 
Thayer, and Van Bruggen (1) and Pearlman 
and Pearlman (2) have developed differential 
bioassays for a- and /3-estradiol but these 
metliods require too much time for general 
analytical use, and are subject to occasional 
serious error. Vhitman, W'intersteiner, and 
Schwenk (3) have separated the a- and 0-es- 
tradiols by precipitating the insoluble a-es- 
tradiol digitonide. This method was not 
applicable to samples containing microgram 
quantities of estradiols. Attempts to sepa- 
rate tlie isomers by absorption chroraato- 
grapliic methods similar to those used by 
Stimmel (4) for the separation of estrone, 
estradiol, and estriol failed as did attempts 
to make tlie separation by partition chroma- 
tography. 

The metliod of analysis presented in this 
paper is based on the fact, not previously 
reported, tliat in the initial step of the Kober 
reaction (5) 0-estradiol reacts with the re- 
agent at room temperature, while a-estra- 
diol' does not. Under these conditions com- 
pletion of tlie reaction produces the normal 
magenta colored solution with the 0-isomer 
and a colorless solution with the a-isomer. 
By use of this modified procedure, a-esfradiol 
is determined as the difference between total 

• Received Jan. 31. 1947, from the Medical Division, 
Chemical Section, Food and Drug Administration, Federal 
Security Apency, Washington. D. C. 

* Estrone, estriol, and equilenin, like a-estradiol, do not 
react stith Kober's reagent at room temperature. A \’cry 
small sample of equilin obtained by the writers produced a 
bright yellow color in both the initial and final phases of the 
reactions. No further work has been done to determine if 
this is a typical color or if it is formed by an impurity. We 
are indebted to Dr. Oliver Kamm, of Parke, Davis A: Com- 
pany, who supplied us with the samples of equilin and equi- 
lenin. 


estradiols and 0-estradiol. For simplicity of 
presentation determinations made with tlio 
initial reaction carried out at the tempera- 
ture of boiling water will hereafter be refer- 
red to as procedure A, and those made with 
the initial reaction at room temperature 
will be referred to as procedure B. In both 
procedures, the remainder of the reaction is 
carried out essentially as directed by Ven- 
ning, et al. (6) . 

EXPERIMENTAL 

Apparatus. — A spectrophotometer or photometer 
equipped to measure extinction at 420, 526, and 52S 
m/x. (A Beckman Quartz Spectrophotometer fitted 
with matched 1-cm. absorption cells was used in 
this investigation.) 

. Reagents. — a-Estradiol, m. p. 175-176°, standard 

solution prepared in 95% alcohol containing 100 
micrograms per ml. 

/3-Estradiol, m. p. 220-222°, standard solution 
prepared in 95% alcohol containing 50 micrograms 
per ml. 

Kober’s Reagent — Slowly add, with mixing, S.C 
parts (wt.) of C. P. grade sulfuric acid to 3.6 parts 
(wt.) of freshly redistilled phenol. Cool to prevent 
temperature rise. 

Dilute sulfuric acid 25% v/v. 

Determination of the optimum time for comple- 
tion of the initial phase of the reaction of /3-estradiol 
in procedure B was necessary as a preliminary to the 
remainder of the investigation. In a scries of de- 
terminations made with 50-microgram samples of 
/3-estradiol, the time of the initial phase of the reac- 
tion was increased by fifteen-minute intervals. The 
extinction values of the resultant solutions, measured 
at 523 m/r, and shown in Table I, indicate that the 
initial reaction is completed within fifteen minutes. 
Further increases in reaction time result in a gradual 
loss in color. In the following work an initial reac- 
tion period of twenty minutes was used in procedure 
B, so as to conform with that specified by Venning. 
et al. (G). and used in procedure A. 

The absorption spectra of the solutions formed in 
procedure A with lOO-microgram samples of a- and 
0-estradiol, and the absorption spectrum of the solu- 
tions formed in procedure B with 0-estradiol, were 
measured from 420-580 mp. The curves shown in 
Fig. 1 show that while the absorption' spectrum of 
the color formed by the or-isomcr is essentially the 
same as reported by Venning, et al. (6), with a 
maximum at 52.3 mp, the absorption spectra of the 
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Table I. — ^Variation of Extinction Value with 
Time of Initial Reaction of Solutions Prepared 
FROM /8-Estradiol by Procedure B 


Time in Min. 

I cm.** 

15 

0.323 

30 

0.314 

45 

0.295 

60 

0.285 

75 

0.272 

90 

0.263 

105 

0.259 

120 

0.248 


These measurements were made before it was found that 
the maximum for the solution formed with ^-estradiol ts at 
528 mti. 


color formed by the ^-isomer in both procedures A 
and B have .maxima at 528 m^; and that the ex- 
tinction coefficient at 528 m/» of the product formed 
with 3-estradiol by procedure B is about 60% greater 
than that formed by procedure A. 

The validity of Beer’s law when applied to spectro- 
photometric measurements made on products 
formed by 3-estradiol in procedure B, ivith and with- 
out added a-estradiol, was determined. Two series 
of solutions were prepared, one from 10-50-micro- 
gram samples of 3-estradiol, and the other from 10- 
50-microgram samples of 3-estradiol each containing 
100 micrograms of added a-estradiol. E.xtinction 
measurements were made on these solutions at 528 
nifi and these data are recorded in Table II. 

A plot of these extinction values against concen- 
tration of 3-estradiol, as shown in Fig. 2, establishes 
adherence to Beer’s law and indicates no interference 
from added a-estradiol. 



, 425 450 475 500 525 550 

Wavelength in m/i 

Fig. 1. — The absorption spectra of the colors 
formed from 100 microgram samples of a- (curve 1) 
and 3- (curve 2) estradiol by procedure a, and 
3-cstradiol (curve 3) by procedure b. 



10 20 30 40 

Micrograms 3 estradiol 

Fig. 2. — Plot of E against concentration of 3- 
estradiol at 528 tnn. A without added a-estradiol. 
D with 100 micrograras added a-estradiol. 


Table II. — Applicability of Beer's Law to Prod- 
ucts Formed by 3-Estradjol in Procedure B 


/?-£5tradiol. 

El 

Without Added 

cm. SSSmM 

With Added 

Micrograms 

ofEstradiol 

of’Estradiol 

10 

0.059 

0,053 

20 

0.118 

0.121 

30 

0,179 

0.190 

40 

0.237 

0.246 

50 

0.310 

0.302 


It is evident from a study of the absorption data 
in Fig. 1 that extinction measurements made at the 
maximum for the a-cstradioI color may not give cor- 
rect results for total estradiols when an appreciable 
amount of 3-estradiol is present. Determinations 
of total estradiols made from extinction measure- 
ments at 520 mp, the region of equal extinction for 
both the a- and 3-estradiol color (by procedure A) 
should give correct results regardless of the propor- 
tion of a- and 3-estradiol in the sample. A series of 
solutions was prepared, by procedure A, from mix- 
tures of estradiols varying from 100% of a to 100% 
of 3. Extinction readings of these solutions were 
made at 526 mti and the amounts of total estradiols 
were calculated using a-cstradiol as a standard. 
These results arc presented in Tabic III. 

Method. — To each of tivo 20 X 150 mm. test 
tubes transfer aliquots of an alcoholic solution of 
the sample containing about 25-100 raicrograms of 
total estradiols. Transfer 1 ml. of a-estradiol stan- 
dard solution to a third test tube, and 1 ml. of fl- 
cstradiol standard solution to a fourth tube. Evap- 
orate each to dr>-ncss on a steam bath with aid of a' 
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Table III. — Results of the Determination' of 
Total Estradiols bv Extinction Readings at 
52G mfi 


Sample 

a* 

Estradiol 

Micro- 

grams 

3- 

Estradiol 

Micro- 

grams 

B 2 cm. S^CmM 

Total 

Estradiols 

Found, 

Micro- 

grams 

1 

100 

0 

0.369 


2 

so 

20 

0.363 

9S.4 

3 

GO 

40 

0 364 

9S.6 

4 

40 

60 

0.369 

100.0 

o 

20 

SO 

0.364 

98.6 

6 

0 

100 

0.352 

95.7 


thoroughly mixed with a glass rod. Place th: 
tubes in a boiling-water bath and heat for 
exactly three minutes. At the end of three minutes 
transfer the tubes again to the ice bath and cool for 
at least five minutes. After cooling, transfer the 
contents of each tube to a glass-stoppered graduated 
cylinder and dilute to 15 ml. with dilute sulfuric 
acid. Mix well and determine the extinction of 
both the sample solution and the d-estradiol st.and- 
ard relative to the blank solution at 420 mii and 52S 

mju. 

Micrograms ^-estradiol in aliquot = 


current of air. Drj’ the tubes in a vacuum desic- 
cator over sulfuric acid for one hour. 

Procedure A . — To one of the sample tubes, the 
a-cstradiol standard tube, and a blank tube, add 3 
ml. of Kober's reagent (from a burette), stopper with 
tin foil eovered corks, and heat in a boiling-water 
bath for exactly twenty minutes. Mix each tube 
twice during the first ten minutes of the heating 
period by shaking vigorously. At the end of twenty 
minutes, transfer to an ice bath and cool for at least 
five minutes. Allow tubes to remain in ice while 3 
ml. distilled water is added from a burette to each test 
tube and the contents are thoroughly mixed with a 
glass rod. Leave the rods in the test tubes for the 
remainder of the reaction. Place the tubes again 
in the boiling water bath and heat for exactly three 
minutes. At the end of three minutes transfer the 
tubes again to the ice bath and cool for at least five 
minutes. After cooling, transfer the contents of 
each tube to a glass-stoppered graduated cylinder 
and dilute to 15 ml. with dilute sulfuric acid.’ Mix 
well and determine the extinction of both the sample 
solution and a-cstradiol standard relative to the 
blank solution at 420 m^i’ and 526 m/i. 

Micrograms total estradiols in aliquot = 

TT ^^’0 tup sample 

■»-526 mft sample "" ^ 

E X 100 

Tj. -1^420 m*i standard 

1^526 m« standard — 2 

Procedure B . — To the other sample tube, the 
/3-estradiol standard tube, and a blank tube, add 
from a burette 3 ml. Kober’s reagent and mix each 
tube thoroughly with a glass rod. Leave the rods 
in the tubes for the remainder of the reaction. Al- 
low the tubes to stand at room temperature for 
twenty minutes, stirring every five minutes. At the 
end of twenty minutes, transfer to an ice bath and 
cool for at least five minutes. Allow tubes to re- 
main in ice while 3 ml. distilled water is added from 
a burette to each test tube and the contents are 

• Tbc color of solutfons prepared by the writers according 
to Venning, et cl. (0), faded too rapidly to permit accurate 
colorimetric measurements. Increasing the concentration 
of the sulfuric acid used to dilute the reaction mixture from 
10^ to 2o% v/r produced colors that remained stable at 
room temperature. 

* This correction is based on the findings of Venning, e/ al. 
(C), Bachman and Pettit (7), and Stiramcl (4) that Kiam/i/ 
Eirjmp for noncstrogenic impurities is approximately 0.5. 


17. E420 mp sample 
■1^628 mu sample * o 

X 50 

17 „ -tI'420mM standard 

•1^628 ma standard o 

a-estradiol = total estradiols — /3-estradiol 
A series of mixtures of a-and /3-estradiol was pre- 
pared and analyzed by the above method. The re- 
sults of analysis are shown in Table IV. 


Table IV. — Results of Analysis of Known 
Mixtures of o-and /3-Estradiol 



Micrograms 

Micrograras 

Sample 

Added 

Found 

Added 

Found 

1 

5 

4.2 

100 

99.5 

2 

10 

9.0 

90 

88.1 

3 

20 

24.9 

20 

20.1 

4 

20 

21.5 

80 

76.0 

5 

30 

33.4 

30 

30.4 

6 

40 

41.0 

• 25 

27.0 

7 

40 

43.6 

40 

38.4, 

8 

50 

44.0 

50 

50.2 

9 

60 

57.9 

40 

40.1 

10 

75 

70.0 

35 

38.0 

11 

80 

79.2 

20 

19.7 


SUMMARY AND CONCLUSIONS 

1. A modified Kober procedure is de- 
scribed for the determination of a- and /?- 
estradiol. 

2. Results of analysis of a series of mix- 
tures of a- and /3-estradiol are given. Good 
results are obtained with mixtures containing 
as little as 5 micrograms of one isomer in the 
presence of 100 micrograms of the other. 
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Availability of Penicillin from Various 
Ointment Bases* 

By H. A. CLYMER and R. J. FERLAUTO 


The release of penicillin from various type 
ointment bases by methods which are believed 
to simulate closely actual in vivo conditions 
has been investigated. Data from the meth- 
ods employed give actual concentration fig- 
ures of the amount of penicillin released by 
the various type bases. Results obtained are 
proposed as the basis for a more rational 
means of choosing bases for penicillin to be 
used topically. 

Touring the past ten years the term 
topical application of ointments has 
broadened in meaning both as to actual 
therapeutic intent and as to the type of 
bases employed. For centuries this implied 
empirical application by inunction of medi- 
caments contained in fatty bases and was 
concerned primarily with the treatment of 
superficial skin disorders or with the at- 
tempt to obtain systemic absorption by 
penetration. With the advent of the newer, 
more specific, and less toxic antibacterial 
agents, the practice has become accepted of 
applying these substances directly to the 
tissues as anti-infective agents in the treat- 
ment of wounds, bums, and in minor surg- 
ery. Thus can be achieved the objectives of 
topical application in attaining high tissue 
concentrations of the drug at the site of the 
infection in shorter periods of time and with 
less drug than by systemic administration. 
While this change in therapeutic intent 
has been taking place, advancement has 
also been made in the bases to be psed as 
vehicles. This has been primarily due to 
the development of synthetic emulsifying 
agents, making possible easy preparation of 
a wide variety of water miscible oil-in-water 
emulsions. Chamings (1) in a recent address 
traces this same development of ointment 
medication from tlie days of "empiricism” 
through tlie present state of e.xperimenta- 
tion and stresses that tlie ultimate aim of 
efficient ointment therapy will only be 

* Received Nov, 25, 1940, from the Re.search Laboratories, 
Smith, Kline, and French Laboratories, Philadelphia, Pa. 

Presented to the Scientific Section, A. Pii. A., Pittsburgh 
meeting, 194G. 


gained by intelligent choosing of the base 
from the types now available after thorough 
consideration of the therapeutic end. In 
view of these changes, it is no longer simply 
a matter of placing the new therapeutic 
agent into Simple Ointment U. S. P. in 
order to formulate the topical form required. 
This last statement should be self-evident, 
but the incidence of this type of formula- 
tion of topical therapy has been so frequent 
the authors feel reiteration to be mandatory. 

There has been considerable effort on the 
part of the pharmaceutical and medical 
professions to set up specifications for ve- 
hicles and bases for topical application. 
These hstings cover requirements ranging 
from chemical inertness to the cosmetic 
niceties. They serve as excellent check lists 
for the compounder when contemplating 
topical medication. One must not lose 
sight, however, of the fact that the primary 
and indispensable quality of a carrier is that 
it allows adequate release of the active 
therapeutic medication. The lack of this 
quality nullifies whatever other value the 
base may possess. It has been pointed out 
(2, 3) that many apparent therapeutic fail- 
ures with sulfonamides were due to im- 
proper topical application of the drug with 
resulting low local tissue concentrations of 
the drug. In order to avoid a repetition of 
this type of failure, it is doubly important 
with the topical use of penicillin that ade- 
quate concentrations are maintained, for 
Molitor (4) has warned that insufficient tis- 
sue concentrations create the possibility of 
pathogenic organisms’ acquiring resistance 
to penicillin. This problem of acquired 
drug resistance of pathogenic organisms 
makes the use of preparations affording in- 
adequate release of penicillin not just waste- 
fuUy ineffective but potentially dangerous. 

The present status of bases for penicillin 
ointment is unsettled. In this countiy 
penicillin ointment intended for sale in inter- 
state commerce is limited by the F.D.A. 
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Regulation Sec. 146.26 (5) to all grease 
bases composed primarily of wool fat, 
petrolatum, or white petrolatum, or any 
mi.\ture of two or all of these, the use of 
certain other fats and waxes being optional. 
The new Addendum (6) to the British 
Pharmacopoeia includes official monographs 
for an all grease preparation and two oil-in- 
water emulsion creams. The final choice of 
bases for topical application of penicillin, 
as with other medicinal agents, will have to 
come from elaborate, controlled clinical in- 
vestigations; reports of such investigations, 
however, are meager and inconclusive. It 
is important for sound clinical evaluation to 
possess a preliminary’ idea, obtained from 
adequately controlled in vitro tests, of the 
inherent properties of the medicinal sub- 
stances when incorporated into the various 
bases. The lack of this type of information 
prompted the present investigation. 

EXPERIMENTAL PLAN 

In any in vitro evaluation of antiseptics the basic 
objective must be to simulate as closely as possible 
the conditions under which the preparation is to be 
used in vivo. We have limited our testing to that 
phase of topical application whereby anti-infective 
agents are applied directly to the tissue, as in the 
treatment of wounds and burns, and in minor surg- 
ery and have not been concerned with application 
by inunction to intact skin. The following factors 
were, therefore, considered in choo.sing the methods 
to be used: 

(а) epidermal layer of the skin has been removed, 
exposing serous tissue fluid, and 

(б) penicillin concentrations once achieved arc 
not static since tissue fluids are constantly changing 

The standard agar diffusion method (7) for testing 
antiseptic ointments was considered grossly inade- 
quate. Even though appreciable zones of inhibition 
are obtained with both water-miscible and watcr- 
immiscible bases by this method the results indicate 
only that a sufficient amount of the drug has been 
made available to produce the inhibition zone under 
the conditions of the test. Information cannot be 
obtained as to the quantity or continuity of release 
of the drug from the base. The method employed 
by Waud and Ramsay (S) and bj’ Huyck, i7 al, (9) 
to determine the availability of sulfonamides in 
topical fonn is a modification of the agar diffusion 
test employing chemical indicator rather than bac- 
terial inhibition. The method of Bandelin and 
Kemp (.3) is deemed superior in that it gives some 
idea of the quantitative release of the drug, but it 
allows for a variance in surface area and does not 
simulate change of tissue fluid. 


Simulation of in vivo conditions to obtain il.it; 
on the continuity and quantity of release of ptr.i 
cillin was thought to be met best by the follom’r; 
method: Ointments were enclosed in cclloplui:; 
bags to facilitate repeated transfer of the ointnur.; 
bulk from first diffusion fluid to successive, fn-!: 
fluids and determining the amount of penicillin re- 
leased in each diffiisate. Information as to the con- 
tinuity of release was adequately obtained by tliir 
method. When data so obtained were intcrprclol 
as to accurate quantitative release, however, tl-.t 
following shortcomings were observed: rigid con- 
trol of surface area was impossible, the volume o! 
diffusion media needed was quite large, and the 
cellophane bag set up a possible barrier whieli b not 
present in viva. An improved method was de- 
veloped whereby the ointment was contained in a 
shallow glass cup, affording a uniform surface .area 
and allowing a minimum of diffusion media. Sennn 
was substituted for saline, since it more closely simu- 
lates tissue fluid. The practice of transferring the 
ointment from the first diffusion fluid to successive, 
fresh fluids and determining the amount of penicillin 
released in each diffusate was again employed. 

In choosing the bases to be used in this evaluation, 
we have confined ourselves mainly to the all grease 
bases as representative of rvatcr-imiitisciblc vehicles, 
and to oil-in-water emulsions as represcntativc.s ol 
water-miscible bases. \\'nter-in-oil emulsions were 
not used e.xtensively since from prcliminitry e.xpcri 
mentation the release was found to be of the same 
magnitude as from all grease. The watcr-solnblc 
base, Carbowax, although showing excellent libera- 
tion, was deemed impractical because of the rela- 
tive instability of penicillin in this compound. 


EXPERIMENTAL 

The petrolatum,’ petrolatum-plus-lanolin,’ and 
oil-in-watcr emulsion’ bases were prepared and then 
autoclaved. Upon cooling,' sufficient calcium pem- 
cillin’ was incorporated so that the finished ointment 
would contain approximately 1000 u./Gm. An 
original assay for actual penicillin content was per- 
formed on each ointment immediately prior to use. 

Continuity of Release (Cellophane Bags). — Visk- 
ing tubing with an inflated diameter of 1.0 cm. was 
cut in leggths of approximately 10 cm. One end was 
tied and then placed in boiling water for three min- 
utes. After draining, 4 Gm. of the ointment to be 
used was placed into each bag and scaled. The bags 
were suspended in test tubes, 2.5 cm. .x 21) cm., 
containing l.o cc. of sterile normal saline solution- 
The bags were weighted so that they remained 
completely immersed in the saline. The test tulses 
were closed with rubber stoppers and placed al 3” 'n 
an incubator on a rotary agitator so that a gentle 
swirling action was obtained. After the diffusion 


* White Perfecla, Sonneborn. ^ 

Anhy<lrous Lanolin, U. S. P.; 00% 

U. S. P. (White Perfccta, Sonneborn). %« o. 

* Sotlium Laiiryl Sulfate 1%. Cetyl Alcohol lO'r- 
eral Oil U0%. Glycerin 10%. Diitilled Water f/JW. 

* Pfizer, Lot 1‘Jj.iC, 
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period, the bags containing the ointment were lifted 
out of the saline solution and allowed to drain in 
the tube. They were then immediately transferred 
and immersed in a new tube containing a fresh 15- 
cc. portion of normal saline for the next diffusion 
period. This procedure was carried out for four 
successive diffusion intervals of 3. 3, 16, and 8 
hours respectively. The tubes of saline after the 
diffusion periods were stored under refrigeration 
until they were assayed for penicillin content. 

Constant Surface Area (Shallow Cup). — Each of 
the samples of ointment to be tested was placed in 
a containing glass cup with an internal diameter of 
3.5 cm. and an internal depth of 0.3 cm. These cups 
were specially constructed to insure uniform diam- 
eter and provided a constant surface area of 9.6 sq. 
cm. Since the surface area of each of the ointments 
was to be the same, great care was taken to obtain a 
smooth continuous level surface of the ointment in 
the cup. The cup containing the ointment was 
then placed in a porcelain dish of slightly larger di- 
mensions, i.e., diameter 4.5 cm. and depth of 1.2 
cm. Seven cubic centimeters of human serum® were 
added to cover the ointment surface completely, 
taking care not to disturb the surface of the oint- 
ment. The cups were then placed at 37° in an in- 
cubator and covered to minimize evaporation. At 
the end of. the diffusion period the inner cup con- 
taining the ointment was carefully removed and 
scrum allowed to drain into the outer cup. The 


cups were gently passed through sterile distilled 
water to remove adhering serum and then trans- 
ferred to new outer cups and 7 cc. of serum added. 
This procedure was repeated for four successive 
diffusion periods of St 2, 2 and 2 hours respectively. 
The serum diffusates were refrigerated (5°) until 
assayed for penicillin content. 

The assays for penicillin content of the ointments 
and diffusates were carried out as follows : petrola^ 
tum-plus-lanolin ointments were assayed by the 
F.D.A. agar diffusion method (10) for the deter- 
mination of potency of penicillin ointments. Since 
an oil-in-water emulsion is water miscible, it was 
uniformly dispersed with mechanical agitation in 
phosphate buffer (pH 6) and then assayed by the 
standard F.D.A, method for penicillin solutions. 
Assays for penicillin content of the diffusates were 
carried out employing the standard F.D.A. agar 
diffusion method for penicillin solutions. Where 
penicillin concentrations were high the diffusates 
were diluted to appro.vimately 1 u./cc. of penicillin 
with phosphate buffer (/iH 6). 

RESULTS 

Results from the principal experiments described 
above are summarized in Tables I and II. 

Control tests were performed in the following 
manner. First, the rates of inactivation of penicillin 
in serum and saline under the conditions of the test 


Table I. — Continuity of Release of PENiaLLiN from Two Ointment Bases Contained in Cello- 
phane Bags" 



Ointment 

I 

DiUusion 

II 

Periods 

III 

IV 


Potency, 

3 Hr.. 

3 Hr., 

16 Hr., 

S Hr.. 


u./Gm, 

u./cc. 

u./cc. 

u./cc. 

u./cc. 

Petrolatum 

895 

0.2 

0.14 

0 

0 

#2 

895 

0.27 

0.13 

0 

0 

0/W Emulsion #1 

1260 

52.0 

19.8 

37.5 

9.0 

#2 

1200 

56.0 

18.6 

35.0 

10.3 


® Control — Calcium penicillin in normal saline lost approx. 8-9^^ in 16 Iir. at 37®. 


Table 11.— Comparative Release op Penicillin from Various Ointment Bases Employing the Same 

Surface Area" 







rr. . , 



Ointment 

I 

n 

III 

iV 


Potency, 

8 Hr.. 

2 Hr.. 

2 Hr.. 

2 Hr.. 


11 /Gra. 

u./cc 

u./cc. 

u /cc. 

u./cc. 

Petrolatum #1 

820 

0.184 

0 

0 

0 • 

#2 

820 

0. 155 

0 

0 

0 

Petrolatum fl 

810 

0.163 

0 

0 

0 

Lanolin f2 

810 

0. 175, 

0 

0 

0 

0/W Eimdsion #1 

890 

75.5 

17.8 

10.8 

9.4 

r-2 

890 

73.5 

14.0 

11.4 

11.3 

“ Control — Stability of calcium penicillin in 

human serum* 





OrijJinal Potency % Activity Remaining After 

(50 u/cc.) 2 hr. 8 hr. 

100% 92 40 


^ I'lic serum for thisc-xpcrinicul « us» prepared iiscpticallj' by 
collccliriK blood directly from the vein, into a bottle con- 
taining mineral oil.' It was then ccntrifuRcd under paraflin 
and' the .scrum withdrawn and kept layered with mineral 
oil until used. 


were deteniiiiied and are recorded as the controls 
in Tables I and II, The rate of iuacti\*ation of peni- 
cillin in the scrum after eight hours appears c.\ces- 
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sive . ?(.-nim pH. however, had risen to S.S by the end 
of the diffusion period. Serum containing peni- 
cillin with a protective layer of mineral oil to pre- 
vent carbon dioxide loss remained practically un- 
changed in pH and the rate of 'inactivation of peni- 


cillin was considerably less. In the second control 
measure, each ointment base was placed in senim 
and saline containing penicillin under the conditions 
of the test; the presence of these bases caused no 
increase in the rate of penicillin inactivation. 


DISCUSSION 


* Analysis of the diffusates after contact 
with the ointment shows that penicillin in 
an all-grease base is relativelj’' unavailable 
to serum or saline. There was a small im- 
mediate release but none thereafter, indi- 
cating that only tlie penicillin on the surface 
of these ointments was available and the 
bulk of tlie penicillin remained locked in the 
base. Release of penicillin from the oil-in- 
water emulsion bases, however, was high in 
the first diffusion period, leveling off to a 
constant high concentration throughout the 
entire period of testing. The ph3'sical na- 
ture of the oil-in-water emulsion base un- 
doubtedly is responsible for this effect since 
the continuous phase of the emulsion is 
miscible with the surrounding fluid media 
and allows diffusion to take place. These 


results parallel what has been found with the 
sulfonamides. 

In order to determine from the standpoint 
of penicillin stability the feasibility of using 
the oil-in-water emulsion base, the stability 
under refrigerated conditions, i.e., 5°, was 
tested and the results show that 80 per cent 
of the original penicillin content is available 
after one month’s storage and 50 per cent 
after two months’ storage. This indicates 
that oil-in-water emulsion is satisfactory 
for use in compounding extemporaneous 
penicillin ointments. It must be stressed, 
however, that the stability is for only the 
oil-in-water emulsion base used in this -ex- 
periment, and that any modification would 
necessitate rechecking to determine the 
effect upon stability of the penicillin. 


SUMMARY 


T wo JH vi/ro methods for the estimation of 
the amount and continuity of release of peni- 
cillin in various ointment bases are de- 
scribed. B}' these metliods an evaluation of 
penicillin availability from representative 
water-miscible and water-immiscible bases 
has been obtained. The quantity of peni- 
cillin released was much greater with the oil- 
in-water emulsion than with the aU-grease 


base. No continuity of release was found 
with the all-grease base from which there 
was only a small immediate release and none 
thereafter. Water miscible oil-in-water 
emulsion base, however, showed a high con- 
tinuous release. It is concluded that the 
use of water-miscible oil-in-water emulsion 
bases are superior in making penicillin 
available to tissue fluids. 
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Some Minor Alkaloids of Pei-Mu, Fritillaria Roylei* 

By T. Q. CHOUt 


Four minor alkaloids in addition to the two 
principal ones previously reported have been 
isolated from the Chinese drug, Pei-Mu. The 
procedures employed are described and the 
analytical data and derivatives used in the 
characterization of these new alkaloids are 
reported. 

Tn A PREVIOUS communication, Chou and 
Chu (1) reported the preparation and 
properties of peimine, C 26 H 43 O 3 N and pei- 
minine, C 26 H 41 O 3 N, the two principal al- 
kaloids of the Chinese drug, Pei-Mu, iden- 
tified as Friiillaria Roylei. From their 
mother liquor, there have been isolated up 
to present 4 other alkaloids which are named 
peimisine, peimiphine, peimidine, and pei- 
mitidine, respectively. Their compositions, 
melting points, and specific rotations are 
given in Table I. 


remains insoluble. The aqueous solution is filtered) 
made alkaline with sodium carbonate, and the pre- 
cipitate extracted with ether. The ethereal solution, 
when dried and distilled, leaves behind about 10 Gin. 
of a basic residue which is dissolved in acetone and 
neutralized with an alcoholic hydrochloric acid. On 
standing for a few weeks at room temperature, 
there separates out a crystalline deposit weighing 
about 1.5 Gm. and consisting of a mixture of peimi- 
sine, peimiphine, and peiminine hydrochlorides. 
After filtration, it is warmed on water bath for some 
time with 10 cc. of 93% alcohol in which about half 
the quantity remains insoluble The insoluble part 
which consists of the peimisine hydrochloride in an 
almost pure state is filtered and dried, its mother 
liquor being reserved for working up peimiphine. 
It is dissolved in about 70 cc. of boiling water. The 
aqueous solution, when cooled to room temperature, 
is made alkaline with sodium carbonate and the 
liberated base extracted with chloroform. Peimi- 
sine is recovered from the chloroform solution by 
distilling off the solvent and crystallizing the resi- 
due from a little alcohol. It forms colorless rhombic 


Table I 


Name 

Formula 

M. P.. 'C. 

Specific Rotation 

Peimisine 

CjiHrrOrN 

270 

[a ly-Sl ° in alcohol 

Peimiphine 

CjrH.eOjN 

127 

(a Pd’ ' 69 ° in alcohol 

Peimidine 

CjrHrsOsN 

222 

[a I' d - 74° in alcohol 

' Peimitidine 

CsrHnOjN 

188 

[a j°D -68° in alcohol 


All these alkaloids are found in the drug 
only in very small quantities, ranging from 
0.001 to’ 0.002 per cent. Their isolation has 
been effected by taking advantage of the dif- 
ference in the solubilities of their well- 
crystallized hydrobromides or hydrochlo- 
rides. Like peiminine, peimisine contains 
in its molecule a carbonyl group, forming 
easily an o.xirae, m. p. 196°. 

EXPERIMENTAL 

Peimisine, CnHuOiN. — In the isolation of pci-- 
mine and peiminine as reported previously (I), 70 
Kg. of tile Chinese drug, Pei-Mu, lyere used. After 
the removal of these 2 principal alkaloids in the form 
of their hydrochloride as much as possible by frac- 
tional crystallization, all the mother liquors are 
united and distilled nearly to dryness and the residue 
taken up with water in which much resinous matter 

• Received Dec. 30, 194C, from the Institut de Materia 
hfedica. National Academy of Pcipinc, Shanghai, China. 

t Acknowledgment is made to Dr. T. T, Chu of this Insti- 
tute for carrying out all the micro-analyses indicated in this 
paper. 


prisms, m. p. 270°, [ajo —51. It is easily soluble 
in alcohol and chloroform, but only sparingly soluble 
in acetone or ether. Its hydrochloride, prepared by 
neutralizing the pure alkaloid with hydrochloric acid 
in alcohol, forms prismatic needles, m. p. 257°, and 
is soluble in water or alcohol with difficulty. Its 
aurichloride is obtaiijed as an amorphous powder 
by precipitation in aqueous solution in the presence 
of hydrochloric acid. The analytical data/jbtained 
with the alkaloid, its hydrochloride, and aurichloride 
agree with the formula CjjHuOjN as shown in Table 
II. 

Peimisine Oxime, C-7H«0<N;. — A mixture of 0.1 
Gra. of peimisine, 0.1 Gm. of iiydro.xylamine hy- 
drochloride, and 0.2 Gm. of potassium acetate is 
dissolved in 20 cc. of water in tlie presence of one 
drop of acetic acid and warmed on the water bath 
for about one hour. After standing overnight the 
clear aqueous solution is made alkaline with potas- 
sium carbonate and the precipitate extracted with a 
mixture of etiicr and chloroform. The ether-chloro- 
form extract, when dried and distilled, leaves bcliiiid 
the required oxime which separates from acetone 
as a ciystaliinc powder, m. p. 19G°. Its hydro- 
chloride crystallized from alcohol in prismatic 
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needles, m. p. 256°. Analysis eonfirms its compcKi, 
tion as indicated in Table II. 

Peimiphine, C;7H4603N. — After filtering ofi th; 
insoluble peimisine hydrochloride, the- alcohol- 
soliijole part of the crystalline deposit obtained above 
is et-aporated to drjaicss and converted into its free 
base again by dissolving in. water, making alkniin; 
with sodium carbonate, and e.xtracting with ether. 
The ethereal solution is dried and distilled and the 
residue neutralized with hydrobromic acid in a little 
alcohol. On addition of a sufficient quantity cl 
ether, peimiphine hydrobromide crystallizes out in 
rhombic prisms. Peimiphine is liberated from it< 
hydrobromide by action of sodium carbonate ami 
recrystallizes from a mi.'tture of acetone and pe- 
troleum ether. It forms hard prisms, m, p, 127', 
1«] D —69. It is easily soluble in chloroform ami 
alcohol, but much less so in ether. Its hydrochlor- 
ide, prepared by neutralizing the pure alkaloid with 
hydrochloric acid in acetone, forms ortliorhoinbic 
pri.sins, m. p. 287°, and is easily soluble in writer or 
alcohol. Its aurichloride is obtained as a yellow 
amorphous powder in a similar way as peimisine 
aurichloride. The composition of peimiphine is de- 
termined to be CjrHioOsN according to the analytic.tl 
results given in Table II. 

Peimidine, CerHjsOzN. — After the removal of 
peimisine and peimiphine hydrochlorides as a crys- 
talline deposit as described above, the mother liquor 
is distilled to almost dryness and the residue taken 
up with water and filtered. The aqueous solution 
is made alkaline with sodium carbonate and the 
free base e.vtracted with ether. The ethereal solu- 
tion is dried and distilled and the basic residue neu- 
tralized with concentrated hydrobromic acid in,a lit- 
tle alcohol. On addition of ether, peimidine hy- 
drobromide crystallizes out in rhombic prisms, m. p- 
’over 300°. It is soluble in cold water with dif- 
ficulty. Peimidine is obtained from its hydrobro- 
midc by action of sodium carbonate in an aqncoin 
solution and extraction with chloroform. When 
crystallized pure from 95% alcohol, peimidine fornu 
orthorhombic prisms, m. p. 222°, —74°. h 

is only sparingly soluble in ether or acetone but 
easily' soluble in chloroform or alcoliol. Its hydro- 
chloride forms rhombic prisms, m. p. 318°, easily 
soluble in alcohol or water. Its idatinichloride n 
obtained as an orange amorphous powder by- pre- 
cipitation in aqueous solution in the presence of one 
drop of hydrochloric acid. The analytical data as 
given in Table II indicate its forn’iula to be CnllnOr 
N. 

Peimitidine, CttHhOiX. — -T he mother liquor of 
peimidine hydrobromide as described above i’ 
evaporated to dryness and the residue taken up with 
water and filtercrl. The free base is regenerated 
from the aqueous solution with .sodium carbonate 
and extracted with ether. The ethereal solution i' 
dried and distilled and the residue neutralized with 
concentrated hydrochloric acid in acetone. On Ions 
standing, peimitidine hydrochloride crystallizes out 
in rhomboid prisms. When recrystallized repent- 
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cdly from a mixture of alcohol and acetone, it has a 
melting point of 291° with decomposition, easily 
soluble in absolute alcohol or water. Peimitidine is 
obtained from its pure hydrochloride in a usual way 
and crystallizes from a mixture of acetone and pe- 
troleum ether in hard-prisms, m. p. 188°, (apo —68°. 
It is easily soluble in most organic solvents, but 
much less so in ether. Its platinichloride is very 
soluble in water, but its aurichloride is easily ob- 
tained as an amorphous powder by precipitation in 
an aqueous solution. It has the composition of 
CorllwOsN as shown in Table II. 

SUMMARY 

From the mother liquor of peimine and 
peiminine, two principal alkaloids isolated 


from the Chinese drug, Pei-ilu, identified 
as FriiiUaria Roylei, there have been iso- 
lated four other minor alkaloids to which tlie 
names peimisine, peimiphine, peimidine, 
and peimitidine are respectively assigned. 
Their fonnulas, melting points, and spe- 
cific rotations are given in Table I. They are 
present in the drug only to the extent of 
0.001 to 0.002 per cent. Peimisine easily 
forms an oxime, m. p. 196°. 
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The Comparative Chronic Toxicides . of Fumaric, 
Tartaric, Oxalic, and Maleic Acids* 

By O. GARTH FITZHUGH and ARTHUR A. NELSON 


Data are given on the effects of the oral admin- 
istration of fumaric, tartaric, oxalic, and maleic 
acids. The results of the study indicate a low 
degree of toxicity for fumaric, oxalic, and tar- 
taric acids. The oxalic and tartaric acids 
were not toxic in concentrations as high as 
1.2% and fumaric acid was toxic only at the 
1.5% concentration. Maleic acid was toxic 
at concentrations of 0.5% or more. 

SIMILAR laxative action produced by 
the salts of fumaric and tartaric acids 
suggested a comparative survey of tlie 
chronic toxicities of these acids. Because of 
a low acute toxicity of fumarates to animals 
and of their efficacy as compared with salts 
of tartaric acid, recent investigators (1-6) 
have proposed a substitution of fumarates 
for tartrates in laxative preparations. The 
nephropathic action of large acute doses of 
tartaric acid (7) does not appear to occur 
in animals given similar doses of fumaric 
acid (1); however, no lifetime study has 

* Ucceivcti Jan. 14, 1947, from Ihc Division of Vharraacol* 
t*Ky, I'otMl and DroB Administrulton, Federal Security 
ABcncy, WashtnKlon. D. C. 


been conducted with either of tliese acids. 
The presence of large amounts of oxalates 
in certain foods (8-12) and the isomerism of 
maleic and fumaric acids suggested the in- 
clusion of oxalic and maleic acids in a two- 
year study of the chronic toxicities of these 4 
•dicarboxylic acids. The manj'- experiments 
reported in the literature on the toxicity of 
oxalic acid have been eitlier acute or short- 
term chronic experiments. 

EXPERIMENTAL 

Two cxpcrimviits were conducted in which groups 
of weanling rats (twenty-one days) from our colony 
of Osbonic-Mcndcl strain were started on diets con, 
taiiiiiig one of the above-named dicarbo.xylic acitis. 
A total of 420 rats was used in these experiments. 
In the first experiment 12 groups of 24 rats, equally 
divided between the sexes, were fed oil diets con- 
taining 0.1, 0..5. O.jS, and 1.2% tartaric, fumaric, and 
oxalic acids, respectively. In a second experiment, 
in order to com))are more clo.sely the toxicities of 
fumaric and maleic acids, G groups of 12 male rats 
were fed on diets containing 0.5, 1.0, and 1.5% fii- 
niaric and maleic acids, respectively. There were 48 
control aniimds for the fir.st cxDeriinent and 12 con- 
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trols for the second experiment. Ground commer- 
cial rat biscuits with l9o added cod-liver oil served 
as the basic diet. The acids were mi.ved with the 
ba.sic diet by means of a rotarj’ batch mixer. All 
animals were kept in individual cages in a room with 
the temperature and humidity controlled for the 
duration of the experiment and were given free ac- 
cess to their respective diets and water. The weights 
of indi^ndual animals and their food consumption 
tvere detennined at weekl3' intervals. 

RESULTS 

Since the two experiments were started at the 
same time and were p.art of the same study, the}’ 
will be discussed together. 

The Effect on Growth Rate and Food Consump- 
tion. — An inspection of Table I shows that all ani- 
mals, with the exception of those on the two highest 
dosages of maleic acid, made a normal gain in weight 
during the first fifty-two weeks of the experiment. 
The slight differences betiveen other groups of e.v- 
pcrimental animals and the controls were not signifi- 
cant (p = 0.05, or less, is significant). Individual 
growth curves of rats from the same litter and the 
composite growth curves of the several groups 
showed t'liat there were some variations in the re- 
tarding effect of the acids both during the fast 
growing period and during the plateau period. 
Analyses, therefore, were made on the gains in 
weight for the fust twelve weeks and for the first 
twenty-six weeks of the experiment. These analyses 
showed a significant difference between the mean 
gain in weight of the control animals and the mean 
gains in weight of the groups on 1 % and 1.5% 
maleic acid, but showed no difference between the 
mean gain in weight of the controls and that of any 
group of fumaric, tartaric, or oxalic acids. Thus, 
of the 4 acids used in this study, only the maleic at 
concentrations of 1%, or more, retarded the growth 
rate of the rats. 

When the data for the weekly food consumption 
of each group during the first twenty-six weeks and 
during the second twenty-six weeks of the experi- 
ment were analyzed, the differences between the 
control and experimental animals were not statis- 
tically signifieant. 

The Effect on Mortality. — Statistical tests cannot 
be applied to the mean survival time since all sur- 
viving animals were sacrificed at the conclusion of 
two yetirs on the experiment. Most of the deaths, 

, except for a few animals distributed throughout all 
groups and killed because of middle ear disease, oc- 
curred during the second year of the e.\perimcnt. 
The number of animals surviving at eighteen months 
and at two years, therefore, were selected as estimates 
of relative toxicity. At eighteen months the maleic 
acid at concentrations of 1% an3 1.5% in the diet 
increased the mortality rate; however, the dillcr- 
■ence between the mortality rate of either group of 
■experimental animals and that of the controls was 
not significant. At two years the maleic acid had 
increased the mortality rate significantly. All of 


the 12 experimental animals on 1.5% and 10 on each 
of the other concentrations of maleic acid died 
whereas 6 of the controls survived to the end of the 
experiment. Likewise at two ye.ars there were onlj- 
2 animals living on 1.5% fumaric acid; other dos- 
ages of fumaric acid had no effect on mortality rate. 
There was no significant difference between the 
mortality rate of the rats on any dosage level of 
tartaric, or oxalic acid and that of the controls. 


Table I. — Mean Gain in Weight of Rats 1'cd 
Diets Containing Fumaric, Tartaric, O.xalic, 
OR Maleic Acid for a Year 


Substance 

Dosage, 

% 

No. 
of Ani- 
mals 

Sex 

Mean 

Gain 

in 

Weight, 

Gm. 

Standard 

Error 

of 

Mean, 

Gm. 

Fumaric 

0.1 

11 

M 

452.9 

±19.0 

Acid 

0.1 

10 

F 

288.0 

±10.0 


0.5 

10 

M 

444.4 

±20,7 


0.5 

12 

F 

209.7 

± 9.0 


0.8 

9 

M 

429.0 

±11.0 


0.8 

12 

F 

265.2 

5.7 


1.0 

10 

M 

408.8 

±25.9 


1.2 

11 

M 

400.9 

±14.0 


1.2 

12 

F 

280.0 

±10.2 


1.5 

7 

M 

459.9 

±23.2 

Tartaric 

0.1 

9 

M 

459.9 

±10.7 

Acid 

0.1 

12 

F 

278,2 

±10.0 


0.5 

11 

M 

450.5 

± 5.7 


0.5 

10 

F 

280.3 

± 0.1 


0.8 

8 

M 

404.8 

±10.7 


0.8 

10 

F 

270.4 

± 0.9 


1.2 

9 

M 

437.8 

±11,0 


1.2 

11 

F 

258.0 

± 7.5 

Oxalic 

0.1 

11 

M 

453.9 

±10.1 

Acid 

0.1 

10 

F 

272.5 

±11.1 


0.5 

8 

M 

444,4 

±20.7 


0.5 

12 

F 

275.3 

± 2.0 


0.8 

10 

M 

404.2 

±10.1 


0.8 

11 

F 

259.8 

± 3.4 


1.2 

11 

M 

451.9 

±15.0 


1.2 

10 

F 

201.4 

± 9.1 

Maleic 

0.5 

9 

M 

447.1 

±15.5 

Acid 

1.0 

7 

M 

372.8 

±20.0* 


1.5 

9 

M 

274.3 

±18. 4‘ 

Control 


31 

M 

404.9 

±13.4 



22 

F 

274.4 

± 9.8 


“ P <0 05. 

‘ P <0.001. 


Pathology. — For reasons unconnected with these 
experiments a greater amount of microscopic patho- 
logical examination was done than would h.ave been 
necessary to demonstrate the relatively minimal 
nature of the pathological changes produced by the 
acids. Because our nearly negative findings arc 
based on a large amount of material, it is felt that 
they are worth presenting. 

Autopsy was done on nearly all the rats used in 
these experiments, a few being omitted because of 
advanced post-mortem autolysis. As the animals 
were received in the pathology laboratory, alternate 
ones were taken for microscopic .sectioning. In 21'i 
rats, hematoxylin-cosin stained paraffin sections of 
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the following structures were routinely made: 
lung, heart, liver, spleen, pancreas, stomach, small 
intestine, kidney, adrenal, and testis. The follomng 
additional structures were sectioned frequently 
enough to make it reasonably certain that no 
changes in them were being caused by the acids: 
colon, bone marrow, leg bones, leg muscles, lymph 
nodes, uterus, ovary, thyroid, and parathyroid. 

In all the foregoing structures, no difference could 
be seen between treated and control animals e.vcept 
the following. Slight periportal hypertrophy of the 
hepatic cells, coincident with slight centrolobular 
atrophy, was seen in 15 instances (11 in animals fed 
oxalic acid, 5 of these in the 0.1% group; none in 
controls). Enlarged and irregularly shaped epithe- 
lial cells in small to moderate numbers of renal 
tubules, generally the proximal convoluted, were 
seen in 4 rats on 1.5% and in 3 rats on 1.0% maleic 
acid, and in no other rats in the entire series. Rats 


fed 1.5% maleic acid had distinctly more atrophj* 
of the liver and less focal calcification in large arter- 
ies than did anj' of the other groups, and, together 
with those receiving 1.5% fumaric acid, showed 
more atrophy of the testis than did any other group. 
Inanition is at least partly responsible for the 
atrophy of the liver and testis just mentioned. It 
may be of significance that 2 rats fed fumaric acid 
(1.0% and 0.5%, respectively) showed phlegmonous 
gastritis, a condition not seen in anj" other group. 

With the few and relatively minor exceptions 
noted in the preceding paragraph, the gross and 
microscopic findings in this series of rats showed no 
difference between control and treated animals. 
Tumors and other more or less frequently occurring 
spontaneous diseases of older rats, such as periar- 
teritis nodosa-like arterial lesions, bile duct prolifera- 
tion in the liver, et cetera, showed no difference in 
incidence among the various animal groups. 


SUMMARY 


1. Toxic effects occurred in rats fed diets 
containing 0.5 per cent or more maleic acid 
and 1.5 per cent fumaric acid for two years. 
No significant toxic effect occurred in rats 
fed diets containing 1.2 per cent oxalic or 
tartaric acid. 

2. Detailed microscopic pathological ex- 
amination of 213 rats showed no major vis- 
ceral damage from any of the acids at any 
level, and only relatively minor difi’erences 
between control and treated animals. 

3. Rats fed 1.5 per cent maleic acid 
showed more atrophy of the liver and 
(together with those on 1.5 per cent fumaric 


acid) of the testis than did the remaining 
groups. Inanition seems at least partly 
responsible for these differences. 

4. Some of the rats fed oxalic acid showed 
slight periportal hypertrophy of tlie hepatic 
cells, and some of those fed maleic acid had 
atj^ical renal tubular ephithelial cells. Two 
rats fed fumaric acid had phlegmonous gas- 
tritis. 

5. Maleic acid at a concentration of 1 per 
cent retarded the growth rate of rats. 

6. All concentrations of maleic acid and 
the 1.5 per cent concentration of fumaric 
acid increased the mortality rate. 
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The Separation of Penicillins by Partition 
Chromatography * 

By HENRY FISCHBACH, THOMAS E. EBLE, and MERLIN MUNDELLt 


Penicillin K. was successfully determined in 
a mixture of penicillins by means of partition 
chromatography in which silicic acid is the 
adsorbent, a buffer solution the immobile 
solvent, chloroform and ether the mobile sol- 
vents. There was sufficient resolution of the 
other penicillins to permit the isolation and 
purification of a penicillin F. 

JDarly in 194(5, considerable concern was 
c.xprcssed by those einplo3dng penicil- 
lin therapy as to tlie penicillin K content of 
commercial penicillin. Accumulated evi- 
dence indicated that commercial penicillin 
produced since May, 1944, had been less ef- 
fective against early syphilis tlian that pro- 
duced prior to tliis date (1, 2). Further, it 
was known that proportionately greater 
amounts of penicillin K at tlie c.\pense of 
penicillin G had appeared in tlie commercial 
])roduct. At that time this laboratory issued 
a preliminary' report (.3) on a chromato- 
graphic procedure which had been found 
satisfactory for determining penicillin K in 
the presence of otlier known penicillins. The 
purpose of this paper is to present a compre- 
hensive report of this laboratory’s experience 
witli partition chromatography in the field 
of penicillin assay' and isolation. 

Initially', an attempt yvas made to resolve 
the penicillins by' tlie classic type of adsorp- 
tion chromatography'. Norite, combinations 
of norite and celite, talc, combinations of 
talc and celite, alumina, and acid washed 
alumina were tried as adsorbents. A num- 
ber of solvents and combinations of solvents 
were utilized but at best a 75% recovery' of 
adsorbed penicillins was effected with an acid 
washed alumina column and 80% with a 
combination of 2 parts norite to 3 parts 
celite (545). No resolution was perceived 


• Rectived Feb 13. 1947, from the Medical Dtvi5ion, 
Chemical Section. Food and Dnic Administration, Federal 
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in tlie former and only' a slight degree of dif- 
ferentiation in tlie latter. Since we used an 
iodometric procedure (4) to assay' the frac- 
tions eluted from the columns, tliosc solvents 
which contained impurities reactive ivitli 
iodine were purified before use. 

Considering tlie variation in tlie hydro- 
philic properties of the penicillins along ivitli 
available information on tlie use of bulTered 
silica gel columns, it was evident tliat parti- 
tion chromatography might quantitatively 
resolve penicillin K from a mixture of peni- 
cillins. The initial silicic acid adsorbent 
was prepared by' tlie Gordon. Martin, and 
Sy'nge technique (5). Early in this work it 
appeared tliat a 20% phosphate buffer solu- 
tion of />H C.4 was desirable as tlie immobile 
solvent. Considerable time was spent in 
comparing the results obtained by use of the 
above activated type of silicic acid and those 
available on the commercial market. Only 
two commercial products failed to give the 
desired results The aqueous extract of one 
was strongly' basic and the other was so fine 
that the percolation rate was impractical 
even witli applied pressuie. It was found 
that tlie commercial products could be used 
if the adsorptive capacity of the particular 
batch of silicic acid was first determined. 

EXPERIMENTAL 

Preparation and Utilization of Chromatographic 
Column. — In this laboratory small amounts of buf- 
fered solution' are added to a weiglicd amount of the 
silieic acid and the mixture thoroughly inaccratcii 
in a mortar after c.ach addition. A point is reached 
where the silicic acid after grinding remains "sticky" 
and tends to "bail.” , Note is made of the per cent 
buffer required to bring about this degree of .satura- 
tion. In preparing a column, 5% to 10% lc.s5 biificr 
than that which resulted in the above saturation i* 
used. The column is formed from a slurry of buf- 
fered silicic acid in chloroform which had previoiuiy 
been washed with water to free it of alcohol. The 
chloroform slurry of silicic acid in the coluibn is sub- 
jected to an approximate pressure of SO mm. for the 
purpose of packing down the adsorbent. Tiiis pack- 
ing by pressure is continued until the volume of the 
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chloroform-silicic acid mixture remains relatively 
constant. Sufficient solvent is added as needed to 
keep the column from channeling and going dry. 
Care is taken to eliminate air pockets during the 
packing procedure, by rapidly rolling the column in 
a vertical position between the palms of the hands 
when necessary. For convenienee the percolating 
rate used in this laboratory is adjusted to 25 m!./ 
ten to fifteen minutes, although considerable latitude 
of the rate is permissible. Equally good results are 
obtained with percolating rates varying from 25 ml./ 
seven minutes to 25 ml./thirty-five minutes. A 5- 
gallon carboy, equipped with manometer and rubber 
bulb, is used as a simple source of controlled air pres- 
sure. 

There are a number of factors which make chloro- 
form the mobile solvent of choice at this stage for 
placing the penicillins on the column. The free 
penicillins are extracted from the aqueous phase at 
pa 2 under which condition the partition coefficient 
of the penicillins between ehloroform and water is 
very favorable. The low solubility of water in 
chloroform minimizes that amount of pH 2 buffer 
carried along in the organic phase. In addition, 
penicillin X remains in the aqueous phase thus 
eliminating one penicillin prior to chromatographic 
resolution. Lastly, chloroform affords a concen- 
trated narrow band of activity at the top of the 
column, whereas the use of a solvent, such as ether, 
results in a broad band of aetivity even with a re- 
stricted volume, thus limiting the length of column 
available for the development of the chromatogram. 

The aqueous mixture of penicillin salts is acidified 
to pH 2 at 0° and extracted with three successive 
portions of chloroform. The combined extracts 
are added to the prepared column. After the chloro- 
form solution has passed into the adsorbent, a 25- 
nil. portion of chloroform is added. As the last of 
the chloroform passes into the adsorbent, the eluent 
is added and the penicillins resolved. Peroxide-free 
ether saturated with water is the most satisfactory 
eluent of.those tried and, since the operations are 
conducted in a 10° room to minimize the destruction 
of penicillin, its volatility is not a serious drawback. 
By the above procedure, no activity is found in the 
cluates until ether begins to come off the column. 
Ordinarily, 25- to 50-ml. fractions are collected and 
assayed by the iodometric procedure for total peni- 
cillin. The chloroform or ether fractions arc as- 
sayed directly without a previous extraction into an 
aqueous medium. 

Data. — The preliminary studies were limited to 
commercial penicillin since some of the pure penicil- 
lins were not readily available. It was evident from 
the start that one baud of activity traveled very 
rapidly through the folumn and was eluted within a 
relatively few 25-nil. fractions. Subsequent to this 
band there followed several fractions with no activ- 
ity before appc.arancc of another band of penicillin. 
From this point there w.as some overlapping of the 
fractions collected although distinct maxima and 
minima were endent. Tlie determination of the 


subtilis-staphj'lococcus ratios and the co'stallo- 
graphic properties of the combined fractions of any 
one band established the sequence in which the peni- 
cillins were being eluted from the column. Penicil- 
lin K was the active component of the first band, 
followed by penicillin dihydro F, penicillin F, and 
penicillin G. 

A small quantity of pure penicillin F was prepared 
by combining the ethereal fraetions of the penicillin 
F band resulting from chromatographic resolution, 
remoxdng the ether by reduced pressure in the pres- 
ence of a buffer, extracting into chloroform at pH 2, 
re-extracting with sodium hydroxide to a pH of 7, 
lyophilizing and recrystallizing from acetone. Sub- 
tilis-staphylococcus ratios, crystallographic data, 
and infrared studies (6) indicate a penicillin F of very 
good quality. 

When relatively pure penicillins K and dihj-dro F 
became available through the National Research 
Council, known amounts of penicillins K, dihj-dro 
F,'F, and G were compounded and assayed as above. 
The known mixtures were prepared as follows: 
weighed quantities of the sodium salt of each peni- 
cillin were individually dissolved in ice water and 
extracted in chloroform at pH 2. Each chloroform 
extract was assayed separately and definite aliquots 
of each penicillin extract were mixed together. The 
mixture was added to the column and the subsequent 
recoveries were based on the assays of the original 
chloroform extracts. 



1 2 3 4 5 10 15 20 

Fraction no. 

Figure 1 


Figure 1 shows the separation of penicillins K and 
F on a column of Gordon, Martin, and Synge (5) 
activated silicic acid. In this study 101.3% of 
penicillin K and 101.0% penicillin F were recovered. 
Figm-e 2 represents the separation of penicillins K, 
F, dihydro F, and G on a column of commercial 
silicic acid. The recoveries ii; this case were 9S.9%) 
of penicillin K, S2.0%, of penicillin dilydro F, 99.0% 
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of penicillin F, and 98.3% of penicillin G. There 
is an unaccountable destruction of some of the peni- 
cillin dihydro F. Our results indicate that, at best, 
recoveries of between 80-85% of penicillin dihydro 
F can be obtained under the conditions necessary 
for optimum resolution of all the penicillins. Figure 
3 shows the separation of a mixture of penicillins of 
unknown composition. ' This mixture was extracted 
directly into ether from a water solution at 2.0 
and the extract placed on the column. The total 
recovery in this case was 94.0% of which 23.3% was 
penicillin K, 28.9% was penicillin dihydro F, 29.5% 
was penicillin F, and 10,3% was penicillin G. It can 
be inferred from other data that the inability to 
recover all of the penicillin was due to a partial de- 
struction of penicillin dihydro F. 

Since our primary interest had been the deter- 
mination of penicillin K, it was advantageous that 
this penicillin should be the first to elute from the 
column and the one most completely separated 
under the above conditions. It was found that 
reproducible results, =*=2%, for penicillin K were ob- 
tained under standardized conditions. This accu- 
racy was obtained by arbitrarily fixing the dimensions 
of the columns, the pressure, the batch of silicic acid, 
the quantity of immobile solvent, and the quantities 
of mobile solvents. Having established the behav- 
ior of a mixture of penicillins under these conditions, 
it was possible to decide upon the quantity of eluate 
that would contain all of the penicillin K. Thus, 
only one fraction need be collected and assayed for 


penicillin K. In practice a subsequent fraction of 
10 to 25 ml. was collected and assayed as a precau- 
tionary measure. 

Previous experience with the iodometric assay for 
penicillin had been entirety on aqueous media. Con- 
sequently, the first assays entailed an extraction into 
water of each eluted fraction prior to the chemical 
determination. It was found, however, that the 
chloroform or ether fractions could be assayed di- 
rectly by the iodometric procedure and the extrac- 
tion step was eliminated. 

SUMMARY 

By means of partition chromatography, 
penicillin K was quantitatively determined 
in a mixture of penicillins. The same tech- 
nique may be used for isolating and purifying 
the other penicillins. In this laboratory, a 
penicillin F of a high purit}^ was so prepared. 
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Book Review 


Physical Constants of Hydrocarbons. Volume IV, 
Polynuclear Aromatic Hydrocarbons, by Gustav 
Egloff. Reinhold Publishing Corporation, New 
York, 1947. xi 540 pp. 15 x 23 cm. Price 
.817.50. 

For a review of Volume III of tliis scries see 
Tms Journal, 35, 320(1946). 

The source of most of the hydrocarbons described 
in this volume is coal tar and the commercial use is 
liinifed largely to dyestuffs. Many of these hydro- 
carbons, and more especially tlieir derivatives, arc 
of physiological interest. The carcinogenic hydro- 
carbons arc in this group as are the hydrocarbon 
nuclei of the steroid compounds. 

bike I'oUimc 111, this volume is a compilation of 


melting point, boiling point, and refractive index 
data of these polynuclear aromatic hj'drocarboiis. 
The same scheme of classification previouslj- used is 
maintained throughout this volume. An additional 
advantage is the thorough documentation, several 
of the compounds having over fifty references cited. 

In addition to the positive value of these data to 
the research workers, the gaps in the data focus 
attention on needs for further research. 

Data of this type arc very difficult to lay out, but 
the publishers have done an excellent job of setting 
up difiicult material. All graphic fonnulas are 
sufficiently large to be comfortably read, and the 
publishers have used bold face type with a sense of 
discretion. — Melvi.v \V. Green. 
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of penicillin F, and 98.3% of penicillin G. There 
is an unaccountable destruction of some of the peni- 
cillin dihydro F. Our results indicate that, at best, 
recoveries of between 80-85% of penicillin dihydro 
F can be obtained under the conditions necessary 
for optimum resolution of all the penicillins. Figure 
3 shows the separation of a mixture of penicillins of 
unknown composition. ' This mixture was extracted 
directly into ether from a water solution at pH 2.0 
and the extract placed on the column. The total 
recovery in this case was 94.0% of which 25.3% was 
penicillin K, 28.9% was penicillin dihydro F, 29.5% 
was penicillin F, and 10.3% was penicillin G. It can 
be inferred from other data that the inability to 
recover all of the penicillin was due to a partial de- 
struction of penicillin dihydro F. 

Since our primary interest had been the deter- 
mination of penicillin K, it was advantageous that 
this penicillin should be the first to elute from the 
column and the one most completely separated 
under the above conditions. It was found that 
reproducible results, =^2%, for penicillin K were ob- 
tained under standardized conditions. This accu- 
racy was obtained by arbitrarily fixing the dimensions 
of the columns, the pressure, the batch of silicic acid, 
the quantity of immobile solvent, and the quantities 
of mobile solvents. Having established the behav- 
ior of a mixture of penicillins under these conditions, 
it was possible to decide upon the quantity of eluate 
that would contain all of the penicillin K. Thus, 
only one fraction need be collected and assayed for 


penicillin K. In practice a subsequent fraction of 
10 to 25 ml, was collected and assayed as a precau- 
tionary measure. 

Previous experience with the iodometric assay for 
penicillin had been entirely on aqueous media. Con- 
sequently, the first assays entailed an extraction into 
water of each eluted fraction prior to the chemical 
determination. It was found, however, that the 
chloroform or ether fractions could be assayed di- 
rectly by the iodometric procedure and the extrac- 
tion step was eliminated. 

SUMMARY 

By means of partition chromatography, 
penicillin K was quantitatively determined 
in a mixture of penicillins. The same tech- 
nique may be used for isolating and purifying 
the other penicillins. In this laboratory, a 
penicillin F of a high purity was so prepared. 
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melting point, boiling point, and refractive index 
data of these polynuclear aromatic hydrocarbons. 
The same scheme of classification previously used is 
maintained throughout this volume. Au additional 
advantage is the thorough documentation, several 
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In addition to the positive value of these data to 
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Note 


A Simple Color Reaction for Piperazine* 

By ROBERT D. BARNARD 


W HILE attempting to develop a gasometric 
mctliod for the determination of uric acid, 
solutions of the latter in piperazine were treated with 
potassium ferricyanide* in the extraction cliamber of 
a \'an Slyke manometric apparatus (2). On shak- 
ing, a lilac color which reached an intensity peak in 
about five minutes and then faded, was noticed. 
Piperazine solution, itself, gave the same color on 
ferricyanide treatment provided metallic mercury 
was present. Since the reaction is not given by 
other diazines or by diketopiperazine, a color test 
for piperazine was developed on this basis, partieu- 
larly when it was found that the color could be sta- 
bilized by bufTcring at fiH 9. 

Conduct of the Test. — To about o cc. of a solution 
suspected of containing piperazine which should 
contain more than one in ten thousand parts, add 10 
drops of KjFe(CN)« solution, or if the latter is 
found to be decolorized, the addition is continued, 
dropwisc, until a lemon-yellow tint persists. A 
droplet of metallic mercury is now added, the tube 
stoppered and vigorously shaken so as to disperse 
the mercury. 

In the presence of piperazine, a lilac color appears 
and fades after about ten minutes. If the solution 
to be tested has first been saturated with NaHCOi 
by addition of an excess of the solid substance, a 
rose-red color develops and persists indefinitely. 

Interfering Substances and Conditions. — Sub- 
stances reducing fcrrics’anidc, c.g., uric acid, inter- 
fere; these are circumvented by addition of an ex- 
cess over that required to oxidize such substances. 
Protein-containing fluids such as blood serum be- 
come turbid on treatment with the mercury; the 
pinkish color can, however, still be detected. The 
urine, particularly after piperazine administration, 
contains polyphenols which give a brownish or red- 
dish color with the ferricyanide alone (catechol re- 
action). They may be removed from the test fluid 
by preliminary extraction of the acidified specimen 
with ether. 

* Received Feb. 10. 1917, from the Laboratory Service, 
Halloran General Hospital, Staten Island. N. Y, 

t To oxidize the uric acid to allantoin and recover the 
evolved carbon dioxide. The method failed as ferricyanide 
oxidation of uric acid does not yield allantoin directly as re- 
ported (1) No carbon dioxide is evolved except after 
rigorous nlkai treatment. The primary oxidation product 
is probably uroxanic acid. 


DISCUSSION 

The test is rapid and specific and can be conductci! 
with reagents common to any laboratory. It h.ts 
been used in the attempt to demonstrate the pres- 
ence of piperazine in the urine of human subjects 
after ingestion of 1 Gm. of the material. Tlie re- 
sults were negative which confirms the statement of 
SoUmann that piperazine is probably not excreted 
as such (3). In this connection an enhanced cate- 
chol reaction has been noticed in such urines, so it is 
possible that piperazine is excreted as a phenolic 
oxidation product. 

The mechanism of the reaction is not clear. The 
ferricyanide is not reduced during its course, so the 
reaction product may be similar in structure to that 
of mercury fulminate and ferricyanide (4) whose 
color is almost identical. In the latter case, the 
mechanism can be surmised. Fulminate has a 
nitrile oxide structure (5) and the polar tenaille is 
sufficiently acute to permit penetration of the -1° 
coordination ring of the iron with polar linkage in 
the 3^ orbit. Such compounds have been termed 
“hcptacovalent” by Coryall and Stitt (C) but ac- 
tually they are hexacoordinated unipolar covalent 
Piperazine is aresonant and stercochemically cither 
of the imine nitrogens would constitute an acute 
polar tenaille which could enter such a covalent 
linkage. Whether this is the proper explanation of 
the colored compound, however, remains to he de- 
termined. 

SUMMARY 

A simple color test for the detection of piperazine, 
employing common laboratory reagents, is de- 
scribed. Urine specimens from normal subjects in- 
gesting piperazine, were negative by this test. 
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The Effect of Saccharin Ingestion on Blood 
Coagtilation and the in Vitro Anticoagulant 
Effect of Saccharin and of Ferriheme* 

By ROBERT D. BARNARDt 


Saccharin has been found to possess an anti- 
prothrombic effect in vitro, but it is inert to 
thromboplastin and to thrombin. Lithium 
ferriheme shows an antithrombic and anti- 
coagulant action. Saccharin administered 
orally had no effect on prothrombin time and 
showed no antagonism or synergism with 
dicoumarol. 


WEALTH of publications has arisen 
around possible toxicologic features 
of saccharin. Definitive conclusions are 
summarized in Sollman’s (1) textbook. 
Though legislation in several states governs 
the distribution and sale of saccharin, about 
the onl}’- derogatory statement marshalled, 
and that a negative one, is that the sub- 
stance is devoid of “food” value, precisely 
the feature of its greatest utility for thous- 
ands. 

Within recent montlis, tlie absolute use 
of saccharin has increased enormously due to 

* Received Dec. 4, 1040, from the Laboratory’ Service. 
Halloran Genera! Hospital. Staten Island, N. V. 

t Civilian Consultant, Hematology and Clinical P.athol- 
ogist, Halloran General Hospital, 


the relative absence of sucrose from the re- 
tail market. The numbers of temporarj' or 
occasional users must have multiplied. Fre- 
quently a chemical or pharmaceutic which 
while in restricted use is regarded as in- 
nocuous, is liable through extension of use 
to uncover instances of toxicity or sensitiv- 
ity. No such report seems to have emanated 
from the recent increased usage of saccharin. 
The present study failed to show any pro- 
found effect of ingested saccharin on the 
blood coagulation mechanism. 

This study was deemed desirable because 
of a hitherto unreported iu vitro antipro- 
thrombic effect of saccharin. During a trial 
of laboratory anticoagulants, Barnard and 
Rein (2) found that this substance would in- 
hibit coagulation. Incubation of thrombo- 
plastin with saccharin did not inactivate 
the former and though calcium would not 
coagulate saccharinized blood or plasma, 
thtombin did so immediately. 

Because theoretic interest attaches to new 
antiprothrombics, the clot inhibiting effect 
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was subjected to detailed examination. In 
addition, the effect of sacdiarin ingestion on 
this phase of blood coagulation M-as studied. 

EXPERIMENTAL 

The Antiprothrorabic Effect of Saccharin in Vilto. 
— S.'iccharin or its sodium s.alt (soluble saccharin) 
was added to freshly collected oxalatcd or citrated 
plasma for determination of antiprotlirombic effect. 
In testing for direct anticoagulant effect, human 
blood samples were drami by venipuncture directly 
into centrifuge tubes containing measured quanti- 
ties of 25^ aqueous sodium saccharin. Clotting 
time w.as determined by the Lee-White method 
(.3). Prothrombin time was measured by a modified 
Quick (-1) procedure to be described. Because of the 
low solubility of o-benzosulfinide (with consequent 
small antiprotlirombic effect) it was necessary in 
some instances to use less than the standard quan- 
tity of thromboplastin in order to elicit appreciable 
gradations in degree of antiprothrombic effect ob- 
served. Thrombin time was measured by the 
method described by Quick (5). 

About 100 mg. % of either the acid form or the 
sodium salt of saccharin are required for measurable 
antico.agulant effect and from 1.5% to 2.0% for 
complete coagulation inhibition. Unless the addi- 
tion of saccharin is immediate, no anticoagulant 
effect is produced. Because of the technical diffi- 
culty of admixture immediately on its withdrawal 
and the fact that blood is partially hemolyzed by 
effective anticoagulant concentrations of saccharin, 
the latter is unsuitable as a general laboratory anti- 
coagulant, though other sulfinides might profitably 
be explored in this connection. 


increase the time to twenty-four or twenty-Ew 
seconds. It was on this basis that an attempt w,r« 
subsequently made to demonstrate an in vivo effect 
of saccharin on the coagulation mechanism. 

The Antithrombic Effect of Lithium Ferriheme.— 
Saccharin combines with the ferriheme radicle of 
mcthemoglobin (G). An attempt was made to neu- 
tralize the antiprotlirombic effect of saccharin with 
lithium ferriheme. This trial failed of its purpose; 
it uncovered instead an unanticipated antithrombic 
action on the part of this ferriheme. 

When lithium ferriheme is added to iilasma, tlie 
latter is rendered incoagulable by thrombin. No 
appreciable anticoagulant effect was elicited by 
100 mg. % of lithium ferriheme added to freshly 
drawn blood. Twenty' milligrams-per cent will de- 
lay the clotting of oxalatcd or citrated plasma, the 
thrombin time (Quick, 5) in this instance being 10 
instead of the normal three seconds. Forty milli- 
grams-per cent lengthens this to thirty-five seconds 
while CO mg. % completely prevents the clotting of 
plasma by' full strength thrombin. Addition of 
calcium salts and/or thromboplastin is likewise in- 
effective in clotting plasma containing lithium 
ferriheme. Lithium salts (citrate, carbonate, sul- 
fate) have no effect on the clotting of plasma by 
thrombin. It is concluded that the antithrombic 
effect of lithium ferriheme resides in the iron por- 
phyrin fraction which can combine with many 
hy'dracid anions including sulfhydryl. Aside from 
possible bearing on the various proposals of the 
sulfhydryl mechanism of blood coagulation (7), the 
results with lithium ferriheme are of interest since 
the growing field of the prophylaxis of thrombotic 
conditions necessitates continued search for diverse 
substances which inhibit clotting. 


Table I. — The Effect of Saccharin on the Prothromhin Conversion 


Concentration of Saccharin 
in Plasma, (mp Cf) 

0 

70 

1-10 

210 

280 

350'' 

Prothrombin Time, secs'' 

34 4 

40.8 

46.8 

51.2 

54.7 

G5.-i 

Prothrombin Time, secs*^ 

14 8 

17 2 

18, G 

20.2 

21.2 

22.1) 

Thrombin Time'' 

4 

3 

5 

4 

5 

5 

Thrombin Time' 

G 

G 

7 

7 

G 

7 


“ Saturated with siccharm at 37 5®. 

b Half strenRth rabbit-brain thromboplastin — citrated plasma, 
r Viper venom thromboplastin — oxalated plasma. 
d Citrated plasma 
e Oxidated plasma. 


Saccharin apparently' effects the prothrombin- 
thrombin conversion. Using the regular "pro- 
thrombin time” measurement, this effect is not ex- 
hibited by' the acid form of the matcri.al since the 
solubility of the latter is so limited. The sodium 
salt in 0.5% concentration is necessary' to measurably 
affect this test whereas 1% of sodium saccharin will 
abolish coagidation comiiletely. The observ'cd 
effects of saccharin on the "prothrombin time” are 
confined between these limits. When the thrombo- 
plastin concentration is adjusted (as in some of the 
clinical procedures^ so that .a normal plasma shows 
an average time of twenty seconds. 5 mg. % will 


The Effect of Ingested Saccharin on the Blood 
Clotting Mechanism. — From the concentrations of 
saccharin found antiprothrombic in vitro, it was con- 
ceivable that comparable orders of magnitude in tbc 
circulating plasma might be reached on protracted 
oi heavy' oral dosage. Prothrombin time detennina- 
tions made on the blood of 5 "routine” users showed 
no significant difference from the normal. X*o in- 
ordinately "heavy” users were available so that trial 
of theoretically sufficient oral dosage was made on 
ten subjeets. This consisted of 500 mg. per day. ny 
capsule, in .3 divided doses, each with a meal 
- The Experimental Series. — Four of the subjects 
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were cases of overt thrombophlebitis confirmed by 
clinical findings and phlebographic study. Two addi- 
tional subjects had multiple (disseminated) sclerosis, 
in which the use of an antiprothrombic, dicoumarol, 
has been advocated. The other four subjects were 
doubtful cases of thrombophlebitis or phlebothrom- 
bosis, the diagnosis having been made without ob- 
jective confirmation. 

Two of the frank and two of the questionable 
thrombotic cases received dicoumarol in conjunction 
with saccharin. This was to determine possible 
synergism or antagonism of the two. All other 
patients, after a two-week course of oral saccharin 
alone, received a subsequent course of dicoumarol in 
order to rule out the possibility of refractoriness to 
antiprothrombics. 

The Determination of Prothrombin Time. — ^All 
blood was collected one or two hours after the break- 
fast dose of saccharin. Citrate-Vacutainers (Becton- 
Dickinson Company) specially prepared to contain 
0.2 cc. of 20% trisodiura citrate, were used (8). This 
solution is somewhat viscous and coats the internal 
wall of the vacuum tube so that the first contact of 
blood after leaving the needle is with the concen- 
trated anticoagulant solution. The vacuum aspira- 
tion draws the blood rapidly through the needle and 
rapid admixture with citrate is assured. Premature 
prothrombin-thrombin conversion is thus almost 
instantaneously inhibited. For even more perfect 
control in this connection, an expedient suggested 
by Whitby and Britton (9) has recently been 
adopted. The needle through which the blood is 
aspirated has been sterilized by immersion in boiling, 
light liquid petrolatum. The lumen of the needle 
retains a film of this "unwettable” material during 
the aspiration. This refinement was not used in the 
presently incorporated series. 

In some independent studies, it has been found 
that ordinary collection by dry syringe or the use of 
dry o.xalate may initiate premature thrombin forma- 
tion. The natural antithrombins are thus neutral- 
ized before the test proper is conducted. This may 
lead to erroneous shortening of the prothrombin 
time. Theoretically, at least, it may be advisable to 
avoid particulate matter in the plasma before the 
actual determination is made and, for that reason, 
citrate anticoagulant has been adopted as our re'gular 
procedure. Prothrombin time determinations on 
eitrated samples have nevertheless been found to be 
slightly shorter on the average than on oxalatcd 
plasma. 

Prothrombin time on the eitrated plasma, re- 
covered by centrifugation or spontaneous sedimen- 
tation, was measured by the method of Quick (4) or 
that of Page and Russell (10). Normal prothrombin 
times for plasma collected in this manner and using 
Russell viper venom as thromboplastin range from 
ten to thirteen seconds. 

RESULTS 

No unequivocal effect of saccharin ingestion on 
blood protlwonibin times was elicited, S-accharin 
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Fig. 1. — End Result of Prothrombin Time Deter- 
mination Reaction Mixtures After Incubation 

The clotted plasma of a patient receiving saccharin 
(upper) is compared with that of a patient on di- 
coumarol (middle) and a normal plasma (lower). 
All samples are of eitrated plasma which have been 
clotted simultaneously with viper venom thrombo- 
plastin and calcium chloride solution and incubated 
for twelve hours at 37.5°. Until coagulation oc- 
curred during the conduct of the test, the reaction 
mixtures were almost water-clear. The tubes have 
been tilted to an almost horizontal position to 
demonstrate relative fluidity. Fibrinolj’sis affects 
exclusively the gelatinous material of the clot. The 
relative rapidity of this process in the clot from a 
subject receiving dicoumarol, at body temperature, 
suggests that the clot dissolution process may like- 
wise be accelerated in vivo in the dicoumarolized 
patient. 


could not be detected in the blood of such subjects 
at any time. (Saccharin when added to the plasma 
iu minimal antiprothrombic concentrations can be 
identified by taste.) The 6 patients who were given 
saccharin, alone, for a period of two weeks and then 
placed on dicoumarol were all found to be responsive 
to the latter in the usual manner. One of the pa- 
tients with questionable phlebothrombosis, after 
two weeks of oral saccharin followed by two weeks of 
dicoumarol therapy, was found, one month after dis- 
continuance of all therapy to have a markedly sus- 
tained prothrombin time (fifty-five to sixty-five 
seconds) without hemorrhagic manifestation and 
correctable by Vitamin K administration. One 
patient with frank thrombophlebitis, on conjoint 
saccharin and dicoumarol, developed hematuria 
associated with hypoprothrombincmia three weeks 
after abatement of the venous condition and ten 
days after discontinuance of all therapy. For rea- 
sons cited below, these two instances arc probably 
coincidental to the administration of the saccharin, 
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the results from which can best be summarized as 
negative in all phases in so far as effect on the 
coagulation mechanism is concerned. 

DISCUSSION 

The results would be self-e.\planatory were it not 
for the fact that 2 of 10 patients receiving saccharin 
and dicoumarol, either concurrently or consecu- 
tively. showed an e.vtension of antiprothrombic ac- 
tion not ordinarily ascribed to the latter drug 
alone This would seem to incriminate the sac- 
charin However, perusal of case records of other 
patients receiving only dicoumarol, revealed this 
extension of seeming antiprothrombic action. Of 
■10 patients so medicated, e.xtcnded and protracted 
hypoprothrombinemia was detected in three; it 
may have been present but undetected in a greater 
number. The mechanism of this protracted response 
to dicoumarol has not been investigated but on this 
basis it may be regarded as a possibly cumulative 
drug. With regard to the hematuria of a patient 
receiving saccharin and dicoumarol. two instances 
of hematuria have been observed after dicoumarol 
administration, alone. 

Coagulated plasma of subjects receiving saccharin 
did not undergo more rapid in vitro fibrinolysis than 
that of control subjects but it is interesting that 
clots from dicoumarol subjects appeared to do so 
in some instances (Tig. 1 ) . While not germane to the 
saccharin study, this observation deserves further ex- 
ploration because of its clinical implications. The 
author has been under the impression for some time 
that the usual course of rccanalization of a throm- 
bosed vessel is through fibrinolysis of the contained 
clot rather than by the slower process of organiza- 
tion and capillary' eh.annclling and that this usual 
process is facilitated by the administration of di- 
coumarol. If this proves to be the case, it will mean 
that dicoumarol should be administered to assist in 
the dissolution of clots as well as for the ordinarily 
practiced prevention of clot accretion. 

The absence of demonstrable anticoagulant effect 
from saccharin ingestion may be e.xplained by its 
apparent absence in effective antiprothrombic con- 
centrations from the blood after such ingestion. 
This was the case with ingested quantities far 
greater than would obtain in the ordinary' situation. 
Whether the failure to reach a state of solution in the 
plasma is one of enteral absorption or of modifica- 
tion within the portal circulation is not know'n; 
in any event the dietary' ingestion of saccharin would 
seem to be innocuous in so far as the production of 
hemorrhagic diathesis or predisposition is concerned. 


CONCLUSION 

The dietarj' use of saccliarin cannot be 
interdicted solely on the basis of the demon- 
strated antiprothrombic effect tvliich sac- 
charin e.xerts hi vilro. This conclusion is in 
line yvith common experience. Whether the 
same conclusion would be justified for the 
proposed use of saccharin, intravenously, in 
the determination of circulation time in 
human subjects can only be determined by 
further investigation. 

SUMMARY 

Saccharin has an in vilro antiprothrombic 
effect. It is inert to thromboplastin and to 
thrombin. 

Lithium ferriheme, used in an attempt at 
the in vilro neutralization of the antipro- 
thrombic effect of saccharin, proved to be 
antithrombic and anticoagulant. 

Prothrombin time estimations present 
certain inherent difficulties which may be 
partially overcome by vacuum aspiration of 
the blood sample directly into concentrated 
citrate solution. 

Ingestion of saccharin in amounts above 
those obtaining in ordinary dietary usage 
was found to be without effect on the pro- 
thrombin time. There is no synergism or 
antagonism between saccharin and dicoii- 
marol. The latter itself may be a cumula- 
tive drug or one yvith protracted effect. 
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A Pharmacological Study of Two Isomeric Sodium 
Hydroxymercuribenzoates*'^ 

By THOMAS J. HALEYt, L. D. EDWARDS?, and C. H. JOHNSONll 


Several efiFects of two isomeric sodium hy- 
droxymercuribenzoates have been determined 
and are reported in this paper. The effects of 
the two isomers have been found to be essen- 
tially identical. 

^JpHERE have been numerous investiga- 
tions of the effects of mercurials on the 
cardiac tissue of various animals. Salant 
and Kleitman (1) showed that intravenous 
injections of large doses of a 1:5000 solution 
of mercuric benzoate, succinate, or acetate 
in dogs and cats caused cardiac depression 
and a fall in blood pressure. A further ex- 
tension of this work (2) showed that the 
rate of intravenous injection had no effect 
on the production of the blood pressure fall, 
heart block, or the delirium cordis seen after 
total doses of 4 to 5 mg./Kg. of mercury as 
the succinate. In 1922, Salant (3) further 
stated that in dogs, cats, and rabbits mer- 
curochrome produced the same cardiac 
effects as mercuric chloride, succinate, or 
acetate but larger doses were necessary. 
Isolated frog and turtle heart studies showed 
essentially the same toxic reactions as were 
seen with mammalian hearts. Jackson (4) 
confirmed these toxic effects on the dog heart 
using “Salyrgan” and "Novasurol.” Salant 
and Nagler (5, 6) showed that mercuric 
chloride in concentrations of 1:50,000 and 
1:10,000 caused a marked depression in the 
Straub frog heart preparation. The ampli- 
tude and strengtli of the beat were decreased 
and in thirty minutes the heart became 
feeble with the ventricle stopping before the 
auricle. Atropinization of the heart abol- 
ished the mercury effect caused b}^ a dilution 
of 1:200,000 but mercury was not always 
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effective in influencing the normal heart 
at this concentration. jMacht (7) investi- 
gated the cardiac effects of mercuric chlo- 
ride, mercuric benzoate, mercuric iodide 
in sodium iodide solution, mercurochrome, 
dimercury mercurochrome, merodicein, flu- 
merin and mercurochrome plus mercuric 
chloride on the cat heart and concluded that 
inorganic and ionizable mercury compounds 
were more toxic than organic nonionizable 
mercury compounds. However, all mer- 
cury compounds produced the same cardiac 
effects. Debre, Leroux, and Hazard (S) 
showed that intravenous injection of the 
hydroxymercuripropanolamide of carb'ox}'- 
phenoxyacetic acid in a dose equivalent to 
4 mg. of mercury per kilogram caused ven- 
tricular fibrillation and death. In 1940, 
Chastain and Mackie (9) showed that or- 
ganic mercurials (“Esidrone," “Salyrgan,” 
and “Novasurol”) were not less to.xic to the 
isolated turtle heart than inorganic mer- 
curial (mercuric chloride and cyanide). Low 
concentrations caused auriculo-ventricular 
block while high ones caused sino-auricular 
block. Further, Johnson (10) tested “Sal}^-- 
gan,” “Mercuprin,” mercuric and mercu- 
rous chlorides on the isolated turtle heart 
and concluded that these compounds were 
cardiac poisons because of their mercurj' 
content. Electrocardiographic studies by 
McCrea and hleek (11) indicate that the 
automatic and conducting mechanisms of 
the heart are attacked from above down- 
wards. Similar studies by Alasson (12) re- 
ported that there were pronounced altera- 
tions in the rate and amplitude of the heart 
beat under the influence of mercurials. 
Furtlicr, Salant and Brodman (13, 14), in 
studying the effect of mercurials on the atro- 
pinized cat heart, concluded tliat after mer- 
cuiy^, larger doses of atropine were necessaiy' 
for maintenance of the vagal terminal 
paral 3 ’sis. 

hlercurj' and mercurials have been shown 
to affect otlier tissues as well as those of the 
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heart. Hinsdale (15) has shoMTi that the ac- 
tion of merciir}' on the isolated cat intestine 
depended upon the concentration. Low 
concentrations caused a decreased height of 
contraction and high concentrations an im- 
mediate cessation of peristalsis with the 
tissue in an extreme state of contraction. 
This state was followed by a gradual re- 
laxation and death. Salant and Brodman 
(IG) showed that the soluble salts of mer- 
cuiA- stimulated peristalsis in different ani- 
mals. However, they did observ^e a primary 
depression followed by a secondarj’’ stimula- 
tion. Govorov (17) obtained similar re- 
sults with the large intestine of the cat under 
the influence of “Novasurol.” Dre 3 'er (IS) 
reported that the intestinal movements of 
the cat were increased by mercury salts as a 
result of a direct irritation of the intestinal 
mucosa. 

Since both isomeric sodium hydroxymer- 
curibenzoates contain a high percentage of 
mercur}' in their molecules and little is 


known about their pharmacological effects, 
this5tudy was undertaken. 

EXPERIMENTAL 

Perfusion of the Frog Heart in Situ. — The frog 
heart was perfused by means of a Greene cannula us- 
ing the method given by Sollmann and Hanziik (19). 
The perfusion rate using Howell Frog Ringer’s solu- 
tion was about 1 cc. per minute. After the heart 
had established a constant rate and araplituclc, a 
dose of the drug was added via the standpipe. In 
all cases the dosage of the drug was 2 cc. of a 1 ;5000 
solution of either isomer. The dosage and strength 
were suggested for an oral preparation (20). After 
the heart had re-established a definite rate and 
amplitude of contraction from the first dose, a 
seeond dose was administered. 

The kymograph records of ten experiments 
showed that 2 cc. of sodium f>-hydroxymerctiri- 
benzoate solution caused a slowing of the heart rate 
on the average of from one beat per second to two 
beats every five seconds. At the same time there 
was better filling of the heart and a very slight in- 
crease in the amplitude of contraction as compared 
with the normal. After a second dose of 2 cc. there 
was an even greater decrease in the rate, averaging 



Fig. 1.— Record of frog heart perfusion in situ. 

.1, Normal Howell’s Frog Heart Ringers Solution; B, 2-ml. Na-p-hydroxymcrcuribenzoatc 1:5000; C. 
2-ml Na-/>-hydrox>-mercuribenzoate. 
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Fig. 2. — Record of frog heart perfusion in situ. 

/I , Normal Howell’s Frog Heart Ringers Solution; B, 2-ml. Na-o-liydroxymcrcuribenzoate, 1:5000; C, 
2-mi. Na-o-hydroxymercuribenzoate, 1:5000; D, 2-ml. Na-o-hydroxymercuribenzoatc. 1:5000: E, Time 5 
seconds. 


one beat every five seconds, finally ending in a com- 
plete heart block. At the time of paralysis the heart 
was completely dilated. The records of the ortho 
isomer showed that a dose of 2 cc. caused a verj' 
slight temporary rise in the height of contraction 
followed by a decrease. The rate slowed very 
slightly, on the average from one beat per 
second to four beats every five seconds, at the same 
time there was better filling of the heart. After 
the second dose of 2 cc., there was a progressive de- 


crease iri the height of contraction until the auricle 
beat was no longer recorded. This was followed b 5 ’ 
a decrease in the rate, averaging three beats ever>' 
ten seconds. The heart became completely dilated 
and complete heart block tenninated these experi- 
ments. In several of the experiments both auricular 
and ventricular extrasystolcs were noted but they 
were not prevalent and probably were due to pres- 
sure changes in the perfusion cannula. Figures land 
2 are typical results. 
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Perfusion of the Turtle Heart in Sila . — The results 
obtained u-ith the frog hearts did not take into ac- 
count the cardiac ncr\-es, particularly the vagus. An- 
other perfusion c.\periraent using the turtle heart 
with an intact vagus was undertaken. The same 
method and conditions as tvith the frog heart were 
employed. .After a normal record had been obtained, 
the vagus was stimulated electrically, then atropine 
sulfate solution 1:10,000 was painted on the heart 
to block all vagal action. lATien electrical stimula- 
tion showed the vagus to be blocked, a 2-cc. dose of 
the drug was given \-ia the standpipe. From time to 
time the kjnnograph rate was increased to better 
analyze the heart beat. 

With the para compound the first dose of 2 cc. 
caused verj’ little change in the amplitude and rate 
of contraction. After a second dose of 2 cc. the 
amplitude was slightly decreased. Further, analy- 
sis of the reaction revealed that the auricles were 
beating four times to the ventricles once. With 
the third dose, this auricular reaction became more 
pronounced, with auricular beats from 14 to 32 
for each ventricular beat. At this time the heart 
became dilated and the amplitude of contraction 
decreased to about one-fifth its original value. After 
a total dosage of 8 cc. the heart was completely di- 
lated but not paralyzed, and the vagal blocking was 
still effective. 

With the ortho compound the first dose of 2 cc. 
caused a verj' slight decrease in the amplitude of 
contraction followed by recovery. With the second 
dose the amplitude was decreased on the average 
to about half that of the normal. The third dose 
further reduced the amplitude of contraction with 
only the ventricle beat recording. Extrasystole 
were prominent. As the experiments progressed the 
rate of auricular beats to ventricular beats varied 
from 1 : 1 to 3: 1 to 1 :4 with no set order of reaction. 
The amplitude of contraction gradually decreased 
to about one-tenth its original height. After a total 
dosage of 10-12 cc. the heart was completely di- 
lated but not p.ar.alyzcd, and the vag.al blocking was 
still effective. 

When the heart could not be completely freed of 
blood, it was always able to withstand a much 
greater dosage of either of the drugs (24-30 cc.). 

Effect on the Cat Blood Pressure and Respiration. 
— The procedure given by Jackson (21) was followed 
with one exception; the respiration was recorded by 
inserting a balloon into the thoracic region of the 
esophagus. The eighteen animals used, ten with the 
para and eight with the ortho isomer, were anesthe- 
tized with sodium pentobarbital, 35 mg. per kilo- 
gram body weight intrapcritoneally. The ilrugs 
were administered \-ia a cannula in the femoral 
vein. The first dose was 5 cc. of a 1 :5000 solution, 
and this was followed at intervals of six to eight 
minutes with 10-cc. doses. A dose was always in- 
jected rapidly, requiring at the most only one and 
one-half minutes. Following each dose of the drug 
3 cc. of saline were allowed to flow into the vein to 
wash all traces of the drug into the animal. The 


total amount of solution injected urns 95 cc. equiva- 
lent to 10.5G4 mg. of inercur)'. 

The ortho isomer eaused a lowering of the cats' 
blood pressure of 20-30 mm. in the period of three 
hours. In several instances the rapid injection of the 
drug caused a shocklike state with the blood pres- 
sure falling to about SO mm. from an initial value 
of 160 mm. However, the animal always recovered, 
and the pressure returned to approximately normal. 
The respiration was slightly increased in rate after 
each injection but there was an early return to its 
previous value. Other than this there was no out- 
standing effect on the respiration. In four animals 
defecation took place, probably because of reflex 
stimulation of the intestinal tract. Further, several 
animals urinated during the course of the experi- 
ments. In every case (six) where urination oc- 
curred the animal had a definite hemoglobinuria. 
This would indicate that the drug combined with and 
then hemolyzed the cats’ erythrocytes. 

The blood pressure and respiratory effects caused 
by the para compound were similar to those caused 
by the ortho compound. In five experiments, defeca- 
tion was seen and five different cats showed hemo- 
globinuria. 

Effect on Rabbit Erythrocytes in Vitro , — As he- 
molysis took place in vivo producing hemoglobinuria 
a similar result was expected to be observed in vitro. 
Five cubic centimeters of a 1 :5000 solution of each of 
the isomers in normal saline hemolyzed 3 drops 
of rabbit blood in two and one-half hours. Crena- 
tion preceding this hemolytic action was observed 
under the microscope. 

Effect on the Isolated Rabbit Intestine in Vitro.— 
The effect of these two salts on the excised rabbit in- 
testine was studied by the Magnus method of re- 
cording the longitudinal contractions. The rabbit 
was anesthetized with 40 mg. of sodium pentobar- 
bital per kilogram body weight intravenously. The 
animal was attached to a board and an incision was 
made on the ventral side from the sternum to the 
groin. Three centimeters of the small intestine 
xvere removed and at once attached to the apparatus. 
After allowing time for recovery, contractions were 
recorded on a slow drum. The mercurial com- 
pounds in 1:5000 aqueous solution were added 
directly to the bath in 1-, 2- and 5-cc. portions. 
With the 1-cc. dose there was little or no eficci 
with cither isomer. The second dose (2 cc.) of the 
ortho isomer caused an increase in tone, a slight 
decrease in amplitude, but no effect on the rate of 
contraction. After this dose the segment rapidly 
returned to normal but when the 5-cc. dose was 
added to the bath it caused depression with the 
segment barely contracting. 

Results with the para isomer were similar but de- 
pression was seen even with the 2-cc. dose where 
there was a slight decrease in the amplitude of con- 
traction but no decrease in rate. With the 5-cc. 
dose the effect seen was the same as with the ortho 
isomer. 

Effect on the Rabbit Intestinal Loop in Situ . — At 
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the time of the intestinal segment experiments, three 
loops of small intestine with blood and nerve supply 
intact, 3 cm. long, were tied off. Into separate loops 
the following solutions were injected: 2 cc. of the 
ortho isomer, 2 cc. of the para isomer, and 2 cc. of 
normal saline. These loops were left in the closed 
abdominal cavity for three hours and then excised, 
washed, and examined with a hand lens. 

The results of irritation caused by the solutions re- 
maining in contact with the intestinal mucosa for 
three hours were : 

Ortho isomer; — ^Area badly erroded, the membrane 
had a puffed and cooked appearance; in some cases 
the villi were erroded and absent but as a rule 
the villi were still prominent; one case of metallic 
mercury precipitation in the mucosa was seen. 

Para isomer: — ^Area badly erroded, villi absent, 
membrane had a whitish cooked appearance with 
general capillary hemorrhage; some cases showed 
ulceration. 

The fluid contained in the isolated loops was 
usually very viscous regardless of the isomer used. 
In all of the ten animals used the saline control 
loop remained normal. 


plate 15.5 X 5 X 1 cm., through it were bored 
twelve holes 1.5 cm. in diameter and four holes 
0.3 cm. in diameter. The latter were at opposite 
ends of the plate and were used to secure the instru- 
ment in place on the 25 X S cm. pljnvood base- 
board. The twelve holes were lined with glass 
tubing of sufficient height to enable each of them to 
hold 2 cc. of fluid. Both the glass tubes and the 
plate were ground to make a level bottom. 

AVhen the instrument had been adjusted, the 
fluids of varying strerigths were placed in the wells. 



Fig. 3. — Instrument for the determination of peri- 
toneal irritation. 


Table 1. — Results op Peritoneal Irritation Produced in Half an Hour bv ortho and para Sodium 

HVDROXyMBRCURIBENZOATES 


Well 

Substances 

Strength 

Remarks 

1 

Saline control 

0.85% 

Tissue normal 

2 

Ortho isomer 

1:6000 

Tissue whitish" 

3 

Mercuric chloride 

1:1000 

Tissue extremely whitish and cooked 

4 

Mercuric chloride 

1:10,000 

Tissue whitish" 

5 

Mercuric chloride 

1:50,000 

Tissue whitish in streaks" 

6 

Mercuric chloride 

1:100,000 

Tissue slightly whitish 

7 

Saline control 

0.85% 

Tissue normal 

8 

Para isomer 

1:5000 

Tissue whitish" 

9 

Mercuric chloride 

1:1000 

Tissue extremely whitish and cooked 

10 

Mercuric chloride 

1:10,000 

Tissue whitish" 

11 

Mercuric chloride 

1:50,000 

Tissue whitish in streaks" 

12 

Mercuric chloride 

1 : 100,000 

Tissue slightly whitish 


Results appeared to be approximately equal. 


Effect on the Rabbit Peritoneum. — Mercury com- 
pounds are all highly irritating to serous as well as 
mucous membranes. In order to determine the 
degree of irritation of both isomeric compounds on a 
serous membrane a special experiment was devised. 
This method utilizes the rabbit peritoneal membrane 
and the results obtained on this membrane should 
approximate those that would be obtained on a mu- 
cous membrane such as the oral mucosa. 

The same animals used in the previous experi- 
ments were used for these tests. Two incisions, one 
at each end, were made on the right side perpendicu- 
lar to the first longitudinal incision. All vessels cut 
by this procedure were clamped. The flap thus 
made was attached to a special board and secured 
to prevent the loose membrane from contracting. 
A twelve-welled instrument (Fig. 1) was then placed 
over the peritoneum and subjected to pressure just 
sufficient to prevent leakage. 

This instrument was constructed from a brass 


The observations were made after half an hour of 
contact with the tissue. The results of ten c.xpcri- 
ments are given in Table I. 

DISCUSSION 

The effects of the two isomers on the frog 
heart are similar to those reported for other 
mercurials by Salant (3) and Salant and Nag- 
ler (5, 6), but the effects on the atropinized 
turtle heart differed from tliose of the same 
investigators. This difference may be due 
to the difference in dosage used or it could be 
due to tlie fact that they used an ionizable 
mercurial whereas boOi Oie isomers investi- 
gated in this studj’ had the mercurj' bound 
to the nucleus of tlie molecule. If the ca^ 
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used in this investigation had been atro- 
pinized a direct comparison could have been 
made with the other results reported b)' 
Salant and Brodman (13, 14) but as this was 
not done no statement can be made which 
would apply to the atropinized mammalian 


heart. In their effects on tlie blood pres- 
sure, respiration, intestinal contractions, ir- 
ritant action, and er}’^throcytes the two 
isomeric sodium hydroxybenzoates studied 
agreed with the results reported for otlier 
mercurials. 


SUMMARY 


1. Both isomers show a similar depres- 
sant action on the perfused frog heart in situ. 

2. No escape from atropine paralysis of 
the vagus was obseiw^ed with either isomer 
on perfusion of the turtle heart in situ. 

3. Neither isomer completel}’’ paralyzed 
the turtle heart, but auricular and ventricu- 
lar extrasystoles were observed in all cases. 

4. Neither the blood pressure nor the 
respiration are affected to any great degree 
when the isomers are administered intra- 
venously. However, the stimulation of the 
defecation reflex indicated that the drugs 
had an irritant effect on the intact intestinal 
tract. Further, the production of hemo- 
globinuria demonstrates a hemolytic action 
by these compounds. 

5. Both isomers hemolyzed rabbit ery- 
throcytes ill vitro. Microscopic studies 
showed that crenation preceded hemolysis, 


and that the solvent action of tliese com- 
pounds on the cell membrane took place 
slowly. 

6. Both isomers showed an over-all de- 
pressant action on the isolated rabbit intes- 
tine. 

7. Botli isomers caused errosion of the 
intestinal mucosa and results indicated 
that prolonged contact between solutions 
(1:5000) of either of these compounds was 
very detrimental to mucous membranes. 

8. An apparatus was devised which 
enabled an approximation of the irritant 
action of solutions of mercurials on serous 
membranes. 

9. Both isomers showed an irritant ac- 
tion on the rabbit peritoneum which ap- 
peared equivalent to that obtained with 
1:10,000 and 1:50,000 dilutions of mercuric 
chloride. 
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The Assay of Aspirin, Acetophenetidin, and 
CaiBfeine Capsules* 

By NANCY GREEN and MELVIN W. GREEN 

Acetophenetidin is determined from the ethoxy content using a modified semimicro 
Zeisel apparatus. The ethyl iodide formed is collected in a bromine-potassium 
acetate-acetic acid mixture whereby iodate is formed and ultimately determined with 
thiosulfate. The aspirin is determined by extraction with sodium bicarbonate and 
subsequent bromination with Koppeschaar’s reagent. After weighing the total 
chloroform extractive containing acetophenetidin and caflfeine, the caffeine is deter- 
mined by difference. 


TJ’pon the admission of Aspirin, Aceto- 
phenetidin, and Caffeine Capsules to 
N. F. VIII, attention was turned to 
existing methods for the separation and de- 
termination of the components of the mix- 
ture. The method of the Association of 
Official Agricultural Chemists (1) (Method 
A) was the accepted method first used in 
this laboratory. This method, modified 
to some degree, was found to contain many 
possibilities for error, and gave varying re- 
sults when applied to known mixtures and 
to commercial preparations of the capsules. 
When the Holt method (2) (Method B), 
based on an ether separation of the aceto- 
phenetidin and aspirin from the caffeine, 
was developed in an effort to decrease the 
time required for the assay, it was applied 
in this laboratory to known mixtures and 
to commercial samples, with somewhat vari- 
able results. 

Recently a collaborative study (3) of the 
A. O. A. C. and of the Holt methods was 
conducted by members of the National 
Formulary Advisory Committee of the 
American Pharmaceutical Manufacturers 
Association and the American Drug Manu- 
facturers Association. Erratic results were 
obtained and a majority of those engaged in 
the study could not recommend that either 
method be made official at this time. A 
method for tire assay of these capsules in the 
British Pharmaceutical Codex is described 
and commented upon by Garratt (4), but its 
similarity to the A. O. A. C. method indi- 
cates that it would give similar results. 

* Received April 24, 194G, from the laboratory of the 
American Pharmaceutical Association, Washington, 
D. C. 

Presented to the Scientific Section, A. Pii. A., Pittsburgh 
meeting, 1040. 


HOty and V''ilson (5) have collected and 
simplified the directions for the A. O. A. C. 
methods of assay for Aspirin, Acetophe- 
netidin, and Caffeine Capsules and similar 
preparations in a very useful paper. 

The value and ease of alkoxy determina- 
tions in the assay of meth3d cellulose pointed 
to the possibility of determining acetophe- 
netidin by a similar method. This method 
(6) (Method C), which, for acetophenetidin, 
is semimicro, was employed on known mix- 
tures and on commercial samples. The 
aspirin and caffeine were determined on a 
separate sample, separating tlie aspirin with 
bicarbonate and assaying it with bromine, 
The total chloroform residue (representing 
acetophenetidin plus caffeine) was tlieii 
weighed, and the caffeine determined bj 
difference, using the acetophenetidin figure 
determined separately by the etlioxy metliod. 

A study of the three methods and some 
of their limitations has been made in tliis 
laboratory. 

EXPERIMENTAL 

Alethod A (Modified A. O. A. C. (I) Method) 

Aspirin. — Weigh accurately the contents of twenty 
of the capsules and macerate a portion of the powder 
representing about O.OG Gm. of caffeine with 25 cc, 
of chloroform for ten minutes. Filter through a 
small filter previously moistened with chloroform 
into a separatory' funnel. Wash the filter with five 
5<c. portions of chloroform. 

Extract the chloroform solution with two 50-cc. 
portions of 4% sodium bicarbonate solution and 
then wash with 20 cc. of distilled water. Combine 
the sodium bicarbonate solutions and wash water 
and extract with two 25-cc. portions of chloroform, 
collecting these chloroformic extracts in the separa- 
tor with the original ehlorofonn. Retain the 
chloroform solution for the acetophenetidin and the 
caffeine assays. 
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Transfer the sodium bicarbonate solution into 
an Erlenmeycr flask and boil for fiye minutes. Add 
.0 cc of 20^7 sodium hydroxide solution and con- 
tinue to boil for fifteen minutes. Cool and dilute 
to exactly odl) cc. with distilled water. Transfer a 
portion equivalent to approximately 0.065 Gm. of 
.aspirin to an iodine flask. Add 50 cc. of 0.1 N bro- 
mine and 0 cc. of hydrochloric acid and set the flask 
aside for thirty minutes, shaking occasionallj-. Add 
15 cc of potassium iodide T. S. and titrate the liber- 
ated iodine with 0.1 A’ sodium thiosulfate. Eaeh 
cc of 0. 1 .Y bromine is equivalent to 0.003 Gm. of 
aspirin 

Acetophenetidin and Caffeine. — Evaporate the 
chloroform solution retained above, containing the 
acetophenetidin and caffeine, to a volume of about 
10 cc. Add 20 cc. of 1^^ sulfuric acid solution, add a 
stirring rod, and heat on a water bath until all of the 
chloroform has evaporated, stirring occasionally 
Cool and decant through a tared Gooch crucible, pre- 
viously dried to constant weight at 100°. Collect 
the filtrate in a 150-cc. beaker, retaining as much of 
the acetophenetidin as possible in the original beaker. 
Rinse the sides of the beaker containing the aceto- 
phenetidin with 5 to 10 cc, of chloroform, add 20 
cc. of sulfuric acid solution, and again heat on 
the water bath until all of the chloroform has 
evaporated. Cool, and decant through the above 
Gooch crucible. Wash the acetophenetidin quan- 
titatively into the Gooch crucible with water, and 
wash the beaker and crucible with water until the 
filtrate measures approximately 75 cc. Dry the 
crucible to constant weight at 100° and weigh as 
acetophenetidin. 

To the filtrate (containing the caffeine and a small 
amount of acetophenetidin) add 8 cc. of diluted sul- 
furic acid and evaporate on a steam bath to a vol- 
ume of about 10 cc. Suspend the beaker in the 
steam bath and evaporate to a volume of 5 cc., add 
10 cc.'of water, and again evaporate, continuing the 
diluting and evaporating until the odor of acetic 
acid can no longer be detected in the vapors. Cool 
and transfer to a separator with a minimum amount 
of water, so that the final volume does not exceed 
20 cc. Extract with three 50-cc. portions of chloro- 
form, filtering each portion through a dry filter into 
a tared beaker. Allow the chloroform to evaporate 
with gentle heat, dry to constant weight at 80°, and 
weigh as anhydrous caffeine. 

Wash the above filter used to dry the chloroform 
with 5 cc. of water and ;idd the washings to the 
separator containing the hydrolyzed acetopheneti- 
din. Add successive small portions of solid sodium 
bicarbonate until the solution is neutral, and then 
add a small e.xcess. -Add 50 cc. of chloroform and 
10 drops of acetic anhydride, and shake vigorously. 
Allow the solutions to separate and withdraw the 
chloroform into a second separator containing 5 
cc. of water. After washing the chloroform, pass it 
through a small dry filter into a tared beaker. Re- 
peat with two additional 50-cc. portions of chloro- 
form, washing each portion through the 5 cc. of 


water. E\-aporate the solution to dryness on u 
steam bath. Add 1 cc. of chloroform and 1 drop of 
alcohol and again evaporate to dryness. Dry to 
constant weight at 100° and weigh as acetopheneti- 
din, adding the weight to that of acetophenetidin 
obtained in the Gooch crucible. 

Both the direct weighing of the separated aspirin 
and its determination by dortble titration, as in the 
A. O. A. C. method, were tried but tibandoncd in 
favor of the simpler bromination procedure. 

It is of iirtcrcst to compare our results (Table 1) 
with those of a collaborative assay reported by 
Grove (7). Itt one sample, assayed by 5 labora- 
tories, recovery of 96.9% to 99.4% aspirin was 
effected . Acetophenetidirr was recovered in yields of 
99.6% to 103.5%, while caffeine was 98.1% to 
106.9% recovered. Both our results and those re- 
ported by Grove indicate that the method leavc.s 
much to be desired. 


Table I. — Recovery of Aspirin, Acetopheneti- 
din, AND Caffeine from Known Mi.xtures and 
C oM.MERCIAL CAPSULES USING METHOD A 







Aspirin, 

% 

Aceto., 

CulTeInc. 

Preparation 

% 

% 

Known Mixture 

106.9 

94,12'’ 

106. &■ 


105.1 

92,00'’ 

98.15" 

Capsule A 

100.7 

89.78 

84.78 


100.4 

93.97 

87.50 

Capsule B 

(1) 100.3'' 

95.32 

82.34 


93.80 

93.40 

88.10 


(2) 97.50 

90.84 

86. (K) 

Capsule C 

(1) 97.97'' 


73 .'82 


99.10 

95.06 


(2) 100.05 

99.76 

82.06 


98.56 

80.52 


'* Determinations matte on a mixture of acetoplirnctidin 
anti caffeine only. 

ft Two separate samples of 20 capsules each were assayed 


Method B (Modified Holt (2) Method) 

Acetophenetidin. — Accurately weigh a sample of 
the mixture containing about 0.3 Gm. of acetophe- 
netidin and transfer to a separatory funnel. Add 2.5 
cc. of 10% hydrochloric acid and c.\tract with water- 
washed ether, using one 40-cc. portion and five 20-cc. 
portions. Combine the ether extracts in another 
separatory funnel and wash with one 10-cc. portion 
of the dilute hydrochloric acid and one lO-cc. por- 
tion of water, washing these in turn through two 
25-cc. portions of ether and adding to the originaf 
acid solution. {Retain the acid solution for the caf- 
feine determination.) Combine the ether solution'- 
and extract the aspirin with one 30-cc. portion of 
5% sodium bicarbonate, one 5-cc. portion of In- 
carbonate, and two 10-cc. portions of water, wash- 
ing each portion through two 25-cc. portions of 
ether and combining in another separator. {Re- 
tain the aqueous solutions for the aspirin assay.) fil- 
ter all ether extracts through a cotton pledget into 
a tared flask. Evaporate the ether, dry at 100°, 
cool, and weigh as acetophenetidin. 
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Caffeine. — Extract the original acid solution with 
four 30-cc. portions of chloroform, washing each in 
turn through 5 cc. of 2% sodium hydroxide and 5 cc. 
of water. Filter the chloroform extracts through a 
cotton pledget into a tared flask. Evaporate the 
chloroform, dry at 80°, and weigh as anhydrous 
cafi^eine. 

Aspirin. — Transfer the sodium bicarbonate solu- 
tion to an Erlenmeyer flask and boil for five minutes. 
Add 5 cc. of 20% sodium hydroxide and boil for fif- 
teen minutes. Cool and dilute to exactly 500 cc. 
with distilled water. Transfer a portion equivalent 
to approximately 0.065 Gm. of aspirin to an 
iodine flask. Add 50 cc. of 0.1 N bromine and 6 cc. 
of concentrated hydrochloric acid and set the flask 
aside for thirty minutes, shaking occasionally. Add 
15 cc. of potassium iodide T. S. and titrate the liber- 
ated iodine with 0.1 sodium thiosulfate. Each 
cubic centimeter of 0.1 N bromine is equivalent to 
0.003 Gra. of aspirin. 

It was found advantageous to increase the amount 
of sodium bicarbonate solution used to extract the 
aspirin from 25 to 30 cc., and to use an additional 
extraction with 5 cc. of bicarbonate. All ether used 
for this method was previously washed with water, 
since U. S. P. ether contains alcohol, which may 
cause low aspirin and caffeine results, consequently 
making the acetophenetidin results high. The re- 
sults are shown in Table II. 

Method C 

Method C consists of a separate and accurate de- 
termination of acetophenetidin, a separation and 
assay of aspirin similar to that of Method A, and a 
subsequent determination of caffeine by difference 
from a total acetophenetidin and caffeine deter- 
mination. 

The acetophenetidin is assayed by an ethoxy de- 
termination in a modified Zeisel apparatus (6). 
This determination is based on the formation of 
ethyl iodide, which is swept over into the receiving 
vessel by a flow of carbon dioxide. The ethyl iodide 
is collected in bromine-potassium acetate-acetic 
acid solution and oxidized to iodate. The excess 
bromine is discharged with formic acid, and the 
iodate determined iodometrically, using potassium 
iodide and sodium thiosulfate solution. Samsel 
and McHard (6) obtained 24.9% ethoxy content 
from U. S. P. acetophenetidin, equivalent to 99.00% 
recovery of the sample. 

In calculating the caffeine recoverj^, it is necessar>^ 
to calculate from the results of the ethoxy deter- 
mination the amount of acetophenetidin in the 
chloroform-soluble residue. This amount of aceto- 
phenctidin is subtracted from the total chlorofonr- 
solublc residue to obtain the amount of caffeine 
present. 

Acetophenetidin. — Rcagcnls: 1. Potassium ace- 
tate-acetic acid solution. Dissolve 100 Gm. of an- 
hydrous potassium acetate in 1000 cc. of a solution 
containing 900 cc. of glacial acetic acid and 100 cc. of 
acetic anhydride. 


Table II. — Recovery of Asphun, Acetophe.ve- 
TiDiN, AND Caffeine from Known AIixtures and 
Commercial Capslxes Using Method B 



Aspirin, 

—Recovery of— 
Aceto., 

Caffeine, 

Preparation 

% 

' To 

tC 

Known Mixture 

100.90 

91.64 

91.74 


100.80 

96.12 



98.93 

97.47 

102.80 


91.44 

108. 10 

102.00 

Capsule A 

99.55 

92.29 

100.80" 

100.80 

94.10 

99.85 


96.98 

97.92 

89.85 


. ° Determinations conducted on 3 separate samples of 20 
capsules each. 


2. Bromine-potassium acetate-acetic acid solu- 
tion. Dissolve 5 cc. of bromine in 145 cc. of the 
potassium acetate-acetic acid solution. Prepare this 
solution fresh daily. 

3. Sodium acetate solution. Dissolve 250 Gm. 
of anhydrous sodium acetate in 1000 cc. of distilled 
water. 

4. Hydriodic acid. Prepare a constant-boiling 
mixture, b. p. 126°, by redistilling hydriodic acid 
over red phosphorus, while bubbling carbon dioxide 
through the distilling mixture. 

5. Aqueous suspension of red phosphorus. Add 

about 30 mg. of red phosphorus to 50 cc. of distilled 
water. , 

Apparatus. — The details of the modified Zeisel 
apparatus are shown in Fig. 1.' The apparatus 
consists of a boiling flask. A, fitted with a side arm 
for the introduction of carbon dioxide and connected 
to column B, which serves to separate aqueous 
hydriodic acid from the volatile alkyl iodide, which 
then passes through an aqueous suspension of red 
phosphorus in scrubber trap C, and is absorbed 
in the bromine-potassium acetate-acetic acid solu- 
tion in absorbing tube D. A thistle tube is attached 
above D for the introduction of the bromine solu- 
tion. 

Since it was found to be advantageous to use as 
fen' joints as possible, only one, a ground-glass 
joint, between A and B, is used in the apparatus 
as proposed by Samsel and McHard (6). 

The carbon dioxide is passed from the cylinder 
through two empty bottles, used as surge chambers, 
to a rubber outlet tube equipped with a capillary 
tube containing a cotton wadding filter. This outlet 
tube is attached to the side arm of A. 

As an oil bath, a dish filled with sufficient oil to 
allow immersion of the flask in the oil approximately 
to the level of the hydriodic acid is used. This bath 
is heated by means of an electric heater thermo- 
statically controlled. 

Procedure. — Fill the trap by pouring a small 
amount of the aqueous suspension of red phosphorus 
through the cup above D. Follow with a water rinse, 
using sufficient liquid to fill the trap about half full. 

1 Wc arc indebted to the Dow Chemical Company for 
supplying us with this apparatus, a modification of which waa 
reported by them (G). 
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add 0 to 7 cc. of the bromine-potassium acetate- 
a;etic acid solution to the receiver. Weigh care- 
fully a sample of the powder from the capsules 
equivalent to about O.OGO Gm. of acctophenctidin 
and contained in a gelatin capsule (size 0) and drop 
into the boiling flask. Add a few small glass beads 
and chips of porous porcelain plate and finally C 
cc. of the constant boiling hydriodic acid. Immedi- 


ately attach the flask to the condenser, using a 
few drops of the acid to seal the joint. CuhUr 
a slow stream of carbon dioxide through the sW' 
arm of the boiling flask (2 bubbles per second arc 
satisfactory), place the boiling flask in an oil l>ati> 
at 150°, and heat for forty minutes. Wash tla^ 
contents of the receiver into a .500-cc. flask con- 
taining 10 cc. of the sodium acetate solution. 
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lute to 125 cc. with water and add reagent grade 
formic acid, dropwise, with swirling, until the brown 
color of the bromine is discharged, then add 3 addi- 
tional drops. This usually requires a total of 12 to 
15 drops. After standing three minutes, add -3 Gm. 
of potassium iodide and 15 cc. of 10% sulfuric acid. 
Titrate the liberated iodine with 0.1 N sodium 
thiosulfate. Run a blank determination on a capsule 
(size 0) containing a proportional amount of aspirin 
and apply the correction for the blank. Each cc. 
of 0.1 A'^ sodium thiosulfate is equivalent to 0.002983 
Gm. of acetophenetidin. ' 

Aspirin. — Proceed as directed under Aspirin, 
Method A. 

Cafieine. — Filter the chloroform solution retained 
from the aspirin assay into a fared beaker and evap- 
orate to dryness on the water bath. Dry at 100° 
and weigh the total acetophenetidin and caffeine resi- 
due. From the amount of acetophenetidin which 
was determined by the ethoxy assay above, calculate 
the per cent of the labeled amount of acetophenetidin 
which is present in the capsule powder. From this 
figure calculate the amount of acetophenetidin 
present in the sample taken, and consequently in the 
total chloroform-soluble residue. Subtract this 
amount of acetophenetidin from the amount of total 
residue, to obtain the amount of caffeine in the 
sample taken. 

Preliminary work on this method included 
assaying acetophenetidin alone in the ethoxy appara- 
tus. A recovery of 98.64% was obtained. A known 
mixture of the 3 ingredients was prepared and a 
sample assayed for ethoxy content. Blanks were 
run on empty size 0 capsules and on a capsule con- 
taining amounts of aspirin and caffeine proportional 
in the capsule powder to 60 mg. of acetopheneti- 
din. A slightly larger correction is required for the 
aspirin-caffeine blank. A blank was also run on a 
capsule containing 15 mg. of caffeine. This figure 
agreed v, ith the blank P,gure obtained when an empty 
capsule was run. Apparently from the aspirin pres- 
ent is formed, by reduction, some ethyl iodide 
which is carried over and determined. 

The recovery of acetophenetidin was 99.34%, al- 
lowing for the empty blank, and 98.44%, allowing 
for the aspirin blank. Since this second figure 
agreed more closely with the results obtained in this 
laboratory on pure acetophenetidin, alone, the 
aspirin blank was used to calculate the recovery of 
acetophenetidin in the analj'sis of commercial cap- 
sules. One determination of acetophenetidin which 
also contained 18 mg. of starch was run. The re- 
covery was 98.42%, which indicates that this filler 
in the capsules does not affect the apparent ethoxy 
content. 

An attempt was made to get away from the neces- 
sity of a blank by weighing the chloroform-soluble 
residue (acetophenetidin and caffeine) and redis- 
solving in a minimum quantitj^ of chloroform and 
transferring to the flask of the ethoxy apparatus. 
The chloroform was then carefully distilled off and 
the ethoxy detennination conducted as before. 


IVTien this was done there was always a loss of about 
2 or 3 percentage units of acetophenetidin, how- 
ever. It is difficult to account for such a loss, but 
probably part of it is caused by solution getting into 
the capillary of the flask. 

The major weakness of this method is that small 
variations in the total chloroform-soluble residue 
are magnified when the per cent of caffeine is deter- 
mined by difference, due to the relatively small per 
cent of caffeine present (Table III). However, the 
small amount of caffeine present was also a diffi- 
culty in the other two methods. 


Table III. — Recovery of Aspirin, Acetophe- 
netidin, AND Caffeine from Known Mixtures 
AND Commercial Capsules Using Method C 



Aspirin, 

■~.R.ccovciy ui-“ 

Aceto., 

Caffeine 

Preparation 

% 

% 

% 

Known Mixture 

102,7 

98.44 

97.16 


101.3 

98.44 

95.75 

Capsule A 

100.6 

95.07 

93.73 



104.70 




101.60 


. , . 


92.76 

Capsule B 

100.3 

97.18 

95.53 


92.59 

86.92 

92.17 


DISCUSSION 

Throughout the study of methods for the separa- 
tion of aspirin, acetophenetidin, and caffeine, the 
caffeine has been the most difficult problem, due to 
the fact that it is present in the smallest quantity. 
Grove (7) attributes the difficulty in determining 
caffeine in the A. O. A. C. method to several factors; 
"First, the caffeine is present in the smallest propor- 
tions; second, it is the last ingredient determined 
and thus contains any errors of manipulative tech- 
nique from the separation of the other two ingredi- 
ents; third, if the hydrolysis of the acetophenetidin 
is not complete, any unconverted aeetophenetidin 
will be weighed with it; and finally, extracted 
tablet lubricants may be weighed with the caffeine." 

The question of the degree of hydration of caf- 
feine has also been a complicating factor. Garratt 
(4) states: "The estimation of B. P. caffeine in 
galenicals can only be approximate, as the com- 
mercial article effloresces and contains varying 
quantities of moisture." U. S. P. XII (8) defines 
"Caffeine” as the hydrated form, containing one 
mole of water, but allows anhydrous caffeine to be 
used, provided allowance is made for the water con- 
tent. That caffeine effloresces in air is mentioned. 
U. S. P. XIII states: "Caffeine is anhydrous, or 
contains nor more than 8% of water of hydration." 

Waters (9) has made a study of the extent of hy- 
dration of caffeine, finding that in most cases the 
hydrous caffeine contains Vt mole of water. He 
found that anhydrous caffeine showed no appreciable 
loss on do'ing at 100° forsex’-cral hours, which would 
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cquiralcnts, 3.30 cc. When saponified as above, an 
additional 1.79 cc. of alkali was consumed. 

Tenuigenin A diacctate: Twelve hundredths 
p-am of tenuigenin A was wanned on the water bath 
for five hours with 2 cc. of acetic anhydride and a 
trace of pjTidine. When cooled to the room tem- 
perature. the reddish solution was treated with a 
sufficient quantity of powdered ice under shaking. 
The diacetate separated out at first as an oil which 
solidified on standing. It was taken up with ether 
in which it was easily soluble. The ethereal solution 
was dried with anhydrous sodium sulfate and dis- 
tilled and the residue taken up with little ethyl ace- 
tate. On addition of light petroleum ether, it 
crystallized out in colorless rhombic prisms, which, 
on exposure to air, became opaque and fell into 
a white powder, m. p. 2SQ°. The analytical data 
indicated the compound to be a diacetyl derivative. 

Anal.—Calcd. for C; 7 H, 50 s(CHiCO);; C, 64.58; 

H, 7.70. Found: C. 64.30, 64.26; H, 7.68, 7.71. 

When titrated with alkali, the following results 

were obtained: 9.210 mg. of substance dissolved in 
alcohol was titrated with 0.01 N NaOH against 
phcnolphthalein. Calculated for 2 equivalents, 3.20 
cc.. found: 3.23 cc. The mixture was then refluxed 
for two hours after addition of 2 cc. of 0.1 N NaOH 
and titrated back. Calculated for 3 equivalents 
(lactone and 2 .acetyl groups), 4.80 cc.; found 4.87 
cc. 

Tenuigenin B: The alcoholic hydrochloric acid 
mother liquor of tenuigenin A obtained above was 
diluted with water when a voluminous precipitate 
resulted. It was filtered, washed with water, and 
dried. On repeated crystallization from a mixture 
of acetone and ethyl acetate, tenuigenin B was ob- 
tained as colorless fine needles, m. p. 248°. It was 
more soluble in acetone than tenuigenin A. When 
analyzed, its composition agreed with the formula 
CnHjaOj: 

Anal. — Calcd. for the formula CjoHuOj: C, 
67.42; H, 8.67. Found: 0,67.82,67.88; H, 9.07, 
S.6S. 

On direct titration with alkali against phcnol- 
phthalcin, 7.78 mg. of the substance dissolved in 2 
cc. of alcohol required 2.93 cc. of 0.01 N NaOH; 
calculated for 2 equivalents, 2.91 cc. Two cubic 
centimeters of 0.1 N NaOH were added and, after 
boiling for two hours, the mixture was titrated 
back. Calculated for 1 equivalent, 1.45 cc.; found, 

I. 32 cc. 


A second titration with 6.188 mg. of subst.i;:^ 
required 2.41 cc. of 0.01 iV NaOH instead of 2.32 w 
theoretical. On saponification as indicated abow. 
an additional 1.28 cc. of alkali was consumed. 

Tenuigenin B diacetate was prepared in a siniil.ir 
way as in the case of tenuigenin A acetate. When 
crystallized pure from a mixture of ethyl acetate aid 
petroleum ether, it formed shining plates, in. p 
272°. When intimately mixed with tennigenin .\ 
acetate, it melted at 262°. Unlike tenuigenin 
diacctate, its crystalline form remained tincliangcil 
on exposure to the air. Analytical results sboned 
the substance to be a diacctate: 

/Inn/.— Calcd. for CmHuOsCCHjCO);: C. GG.IC. 
H, 8.15. Found: C, 65.73, 65.45; H, 8.42, 8.30 
Eight and twenty-eight hundredths milligranh 
of the substance was titrated with 0.01 jY NaOH 
against phcnolphthalein. Calculated for 2 equiva- 
lents, 2.68 cc.; found: 2.72 cc. After adding 2 cc. 
of 0.1 alkali and refluxing for two hours, the inix- 
ture w,as again titrated. Calculated for 3 cquivi- 
Icnts (lactone and 2 acetj’l groups) : 4.02 cc.; founi: 
3.72 cc. 


SUMMARY 

An amorphous saponin has been isolated 
from the Chinese drug, Yiian Chih whieh is 
botanically Polygala tennifolia Willd. On 
hydrolysis with alcoholic hydrochloric acitl, 
this amorphous principle gives rise to two 
crystalline sapogenins which are named 
tenuigenin A and tenuigenin B. Tenuigenin 
A has the composition C 27 H 40 O 8 , melting 
at 272°, and tenuigenin B has the formula 
C 30 H 4 CO 8 and a melting point of 248°. Both 
genins are found to be dibasic and contain 
in each molecule one lactone and two OH 
groups. Their diacetyl derivatives have been 
prepared. 
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Assay of Heparin. I. Method and Qualitative and 
Quantitative Aspects Using Beef and Sheep Plasmas*’^ 

By R. H. K. FOSTER! 

A method of assay for heparin based on the use of frozen beef or sheep plasma is de- 
scribed. The clotting curves oi both plasmas are essentially the same except for high 
concentrations of heparin for which slight differences were noted. The visual esti- 
mation of degree of coagulation is easier with beef plasma than with sheep plasma be- 
cause of the greater density of the clots of the former. 


/^MONG the methods proposed for assay- 
ing heparin, the two most common em- 
ploy beef or sheep plasma. Beef plasma has 
been used by Reinert and Winterstein (1) 
and Foster (2) and sheep plasma by Kui- 
zenga, Nelson, and Cartland (3) and by 
Klein and Hier (4). Kuizenga, et al., com- 
pared the two plasmas and reported that 
sheep plasma gives a much sharper end point 
than beef plasma. Their criterion for the 
end point is an all-or-none response, i.e., the 
plasma is either clotted or fluid. They ob- 
served a narrow range of coagulation in rela- 
tion to dosage for sheep plasma and a wide 
range for beef plasma. They stated that 
questionable clots were rarely encountered. 
However, they used dosage increments of 
15 to 20 per cent and present results indicate 
that all gradations of clotting may fall within 
these dosage limits not only with sheep 
plasma but with beef plasma as well. 

In the clotting process there is an inverse 
quantitative relationship between the 
amount of fibrin formed and the amount of 
inhibiting substance present. This rela- 
tionship is seen only beyond a certain thresh- 
hold value and the curve representing this 
relationship is quite similar, except for in- 
version, to the usual sigmoid dose-effect 
curves of pharmacological phenomena. 
When a sample is reported as simply clotted 
or fluid (by tilting the tube), the dose-effect 
characteristic is in effect a vertical line. If 
tlie end point were an all-or-none response of 
this type, estimation of the exact inhibiting 

* Received Dec. 11, 194G, from the Department of Pharma- 
cology, St. Louis University School of Medicine, St. Louis 4, 
Mo. 

t This investigation was undertaken for the Committee on 
Revision of the Phormncopccia of the United States. 

X The author wishes to acknowledge a grant from Hoff- 
mann-LaRoche, Inc., through the courtesy of Dr. M. F. 
Furlcr which aided in commencing the work. 


dose would be simplified. The apparent 
all-or-none end point may actually be almost 
anywhere along the lower end of the dose- 
effect curve since a just-fluid state of the 
plasma as determined by tilting will often be 
effected by slightly varjdng amounts of hep- 
arin in different tests or even more by varia- 
tions in the character of the fibrin deposits. 
Furthermore, a slight jar maj’' cause a 
“clotted” sample to flow. 

The clotting curv’^e is a function of both 
time and heparin concentration. In assay- 
ing heparin the time factor should be con- 
stant. Then within the correct range the 
amount of clot formed is a definite function 
of the amount of heparin. 

EXPERIMENTAL 

Preparation of Plasma. — Blood was collected in 
Pyre-x bottles of 2 L. capacity from freshlyslaughtered 
beef and sheep. Marks were placed on the bottles 
at 1- and 2-L. capacities. Four grams of sodium 
citrate in 50 cc. distilled water for every 950 cc. of 
blood to be collected was plaeed in the bottles prior 
to collection. On removal to the laboratory within 
one-half to one and one-half hours (a delay usually oc- 
curred on account of government rules on meat in- 
spection), the blood was centrifuged thirty minutes 
at 2000 r. p. m. in 250-cc. bottles in a No. 2 Inter- 
national centrifuge. The supernatant plasma was 
carefully drawn off by low suction through a tube 
constricted to about 1-2 mm. The different portions 
were combined and the plasma distributed in 50- or 
100-cc. bottles or 500-cc. Florence Flasks. The plas- 
ma in the flasks was quick-frozen by rotating them in 
a freezing bath of acetone and dry ice ; that in the 
bottles was slow-frozen by placing them in a freezing 
unit.' The plasma was kept frozen until needed. 
Samples of frozen beef and sheep plasma were also 
received from Dr. Da\'id Rlcinof The Wilson Labora- 
tories and were used in part of the work. These 
were slow-frozen specimens. 


' Insul.Tted box containing drj' Jcc. 
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Assay Procedure. The .assay method consists 
esseuti.illy in adding a knomi amount of hcp.arin to 
1 cc of tile citratcd plasma and followed by 0.9^ 
S.ilinc for adjustment to constant volume and finally 
calcium chloride. The tubes (13 X 100 mm. Pyrex 
test tul>cs1 .are observed for the degree of coagulation 
.ifter incubating for a definite time. This follows 
the procedure previously described (2) except for 
two important modifications. These consist in the 
use of twice the amount of calcium chloride formerly 
employed and an incubation period of one hour in- 
stead of three hours. 

The order of adding reagents is: pl.asma + hep- 
arin -f saline 4- calcium chloride, the total volume 
lieing 2 0 cc Table I illustrates this and gives the 
volumes and concentrations employed. Kuizenga 
and co-workers added reagents in the order; hep- 
arin -f saline + plasma -f- calcium chloride, the 
total volume being 1.4 cc. and in tests their procedure 
w.as repeated. 


by thorough rinsing with tap water and redistillal 
water (.a). 

Qualitative Description of Coagulation.— .\l. 
though it is impractical to describe here in detail all 
of the variations that have been observed aiiioiii; 
various samples, a few general observations seem 
warranted and worth while. Many factors allir 
the character of the clot, whether partial or com- 
plete, and even in duplicate samples slight diflcrencvs 
may be noted. Using identical techniques there i^ 
often considerable variation in appcanuicc when the 
plasmas arc of different origins. This is particularly 
true of beef plasma. The homogeneity of sheep 
plasma clots tends to obscure differences. 

With fresh unfrozen material, beef plasma pro- 
duces a rather dense opaque clot which almost in- 
variably retracts on standing. The degree of re- 
traction may vary considerably among different 
plasmas. Sheep plasma produces a much paler and 
more translucent clot which does not retract on 


Table I. — Sample Protocol op an Assay 

Hxpt. 19, Test 5. Heparin No. 645, 207/cc. in 0.09i saline. 

Beef plasma. No. 65222 (W'ilson). 

Thawed 1° 25' when used. 

Start: 2;25p. m. Observed at 3:25 p. m. 
Water-bath temperature 37 °. 


Tube 

Beef 

Plasma, 

Weight, 

Ilepann. 20 7 /Cc 

Volume Burette 

Delivered, Reading, 

No 

Cc 

7 

Cc. 

Cc. 

1 

1 0 

5 2 

0.20 

0.20 

2 

1 0 

5 4 

0.27 

0.53 

3 

1 0 

5 6 

0.28 

0.81 

4 

1.0 

5.8 

0.29 

1.10 

5 

1.0 

6 0 

0.30 

1.40 

G 

1 0 

0.2 

0.31 

1 71 

7 

1.0 

0 4 

0.32 

2.03 


Saline, 0 0% 
Volume Burette 

CaCi!, 

10 mg./Cc. 

Degree of 

All-or. 

None 

End- 

Delivered, 

Reading, 

Clotting 

Point 

Cc. 

Cc. 

Cc. 

at 1 Jlr. 

1 Hr. 

0.54 

0.54 

0.2 


Cl 

0.53 

1.07 

0.2 

4+(-) 

. Cl 

0.52 

1.59 

0.2 

+ (-) 

> 

0..51 

2.10 

0.2 

0 . 

in 

0.50 

2.00 

0.2 

Tr. 

FI 

0.49 

3.09 

0.2 

Tr. 

FI 

0.48 

3.57 

0.2 

Tr. 

FI 


CDm == 5.51 y, obtained by plotting. 

Cl = clotted; FI = fluid; ? = doubtful. 


In each test a scries of 5 or more tubes was em- 
ployed to cover the desired dosage range. The 
median dose using beef plasma was usually about 
5 y of heparin (in Table I, the median dose is 5.5 y) 
and using sheep plasma about 10 7. Each solution 
was placed in the entire series of tubes of the test 
before adding the next solution. As soon 'as the 
calcium chloride was added the tubes were stop- 
pered with paraffined corks, inverted 4 times in 4 
directions, and incubated at 37° room temperature. 

Except in preliminary tests the dosage interval of 
heparin was 0.2 7 for beef plasma assays and 0.4 7 
for sheep plasma assays when employing the auth- 
or’s method but '/: 7 and 1 7, respectively, when 
employing Kuizenga 's method. 

Koch microburettes were used since greater speed 
and accuracy can be obtained with them. The 
sizes found most convenient were; 10 cc. capacity 
for the plasma. 5 cc. capacity for the heparin solu- 
tions and saline, and 2 cc. capacity for the calcium 
chloride solution. All glassware was cleaned with 
sulfuric acid-dichromate cleaning solution followed 


standing. Beef plasma is yellow-orange and the 
clot a gr.ayish yellow while sheep plasma is pale 
straw color and the clot light gray. Both clots arc 
lighter color than their plasm.as, due mainly to tlicir 
greater opacities so that the color is derived from re- 
flected light to a greater degree. 

When frozen plasma is employed certain difTcr- 
enccs from fresh plasma are noted. The clotted 
beef plasma now fails to retract. The clots from 
both plasmas arc lighter in color and less dense. In 
particukar the sheep plasma clot is more highly trans- 
lucent and some specimens border on transparcncy- 

Very often after thawing the frozen plasmas a 
flocculent precipitate or coagulum was noted. This 
occurred more often and in greater abundance in 
sheep plasma. The coagulum interfered with the 
assay and filtration through glass wool was iisnall)’ 
found necessary. With the beef plasma, a small 
amount of coagulum would be dispersed and was 
much slower in reforming than in the sheep pla'ma. 
Filtration was not usually considered ticccssaiy. 
Filtration abvays reduced the clot densities and re- 
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duction in density was more obvious in the sheep 
plasma clots. On account of this high translucency 
it was often difficult to assess the degree of coagula- 
tion in the sheep plasma clots. 

tVhen sufficient heparin was present to partially 
inhibit coagulation- the coagulum in sheep plasma 
was nearly always homogeneous. Only in tubes con- 
taining the slighest amount of clot was there a ten- 
dency to heterogeneity in the clot formation. This 
followed the time-coagulation pattern of samples 
containing less heparin, i.e., early in the clotting 
process, say after five or ten minutes, many dispersed 
foci of coagulation were seen but as time progressed 
these fused to what appeared to be a uniform gel. 
In beef plasma there was usually little tendency to 
produce a uniform gel, except in complete clots (with 
little or no heparin) . The initial foci of coagulation 
were maintained and often became gradually more 
prominent so that the final partial clot had a floccu- 
lent appearance. In addition there was a tendency 
to stratification. The clot density near the surface 
and around the walls of one tube was almost always 
greater than in the center. In tubes containing 
successively less heparin the clot in the upper por- 
tion was deeper and denser than elsewhere, often in 
marked contrast. Why this should be in spite of 
thorough mixing is unknown but apparently air- 
plasma surface phenomena play a role. In occa- 
sional frozen specimens of beef plasma, the reverse 
was the case, i.e., the focal points of clotting seemed 
to settle and the final state was one with an almost 
clear solution near the top. This was more likely 
to occur in plasmas from blood which stood at room 
temperature several hours before centrifuging. 

Quantitative Estimation of Clot. — The end point 
ill the assay is the formation of a 50% clot; i.e., 
it represents the conversion of half of the fibrogen 
to fibrin and corresponds to the average lethal dose 
{LDio) or the average effective dose {EDm) of drugs 
in general. Estimation of what constitutes a 50% 
clot is by visual inspection, judging relative densi- 
ties by comparison of tubes containing partial clots 
with one fully clotted. The amount of heparin 
which results in a 50% clot is termed the 50% clot- 
ting dose or CD50. 

A fully clotted sample is one which is as dense as 
the clot in a tube containing no heparin. Such a 
clot is designated 4-f-. Partial clots arc estimated 
as -f, 24 -, and 34-, representing 25%, 50%, and 
75% of complete coagulation. 

The estimation of what constitutes a 2-1- clot is 
not easy and two observers would probably not 
agree. The same applies to the other degrees of 
clotting. However, if the same observ'er makes all 
the readings simultaneously, any bias is likely to 
be applied to both the standard and unknown in a 
corresponding manner and error from this source is 
thus largely neutralized. 

The degree of clotting cannot be compared with 
a pennanent standard. The clotting ch.aracteris- 
tics vary among plasmas, with the age of the plasma 
after thawing and with slight emriations in tech- 


nique. In each assay one must ascertain what den- 
sity constitutes a 4 -f clot and evaluate the various 
degrees of clot formation accordingl}'. 



Fig. 1. — Dose-effect curves for the clotting of re- 
calcified heparinized citrated beef and sheep plasmas 
The ordinate represents the degree of clot formation. 
The abscissa gives the rclatirc dose of heparin with 
the CDso taken as 10.0. The data employed in 
constructing the curves were taken only from series 
of tubes in which the CDw, could be estimated. 
There were always at least 2 points, usually above 
and below the 24- coordinate, and often 3 or 4. 
Only the 0 or 4-1- tubes nearest the curve are repre- 
sented on the graph. All data were pooled on a 
relative dosage basis and the number of samples rep- 
resented by the points on the chart are indicated 
in the column at the right. 

The degrees of clot formation so far mentioned 
constitute five stages, that is, 0 or no coagulation. 
-)-, 2+, 34 -, and 44-. In whole blood only major 
differences in the degree of clotting can be evaluated. 
In plasma, however, intermediate stages are recog- 
nizable. Intermediate values in the clotting scale 
used are represented by adding 4- or — signs to the 
above symbols. Thus, the entire clotting scale be- 
comes 0, O(-l-), -f, 4-(-h), 2-f-( — ). 2-1-, 

24-(4-). 34-(-). 34-, 34-(4-). 44-(-), and 44-. 
This scale is the ordinate in Fig. 1. It has been dis- 
cussed in detail elsewhere (2). 

Because of the greater translucency of sheep 
plasma clots, it is more difficult to assess the degree 
of clot formation than with beef plasma clots. Care- 
ful inspection is necessaty by both transmitted and 
reflected light, against the skj’ or illuminated opal- 
glass background, and especially with side lighting 
against a black background. 

Samples slightly coagulated are difficult to esti- 
mate and two terms have been taken to represent 
two degrees of slight clots, viz., "0” and "trace ” 
The relative rmlues of these are indicated on Fig. 1. 
The reason for traces of beef pl.asma clot appearing 
in several successive tubes nath the higher doses of 
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heparin i? not knonm. In any ea-ent the extent was 
fonml to lx; less than indicated by Kuizenga’s data 
and trace? appear to be unimportant as far as the 
a'?ay i? concerned. 

It I.? dilTicuIt to assess clotting values slightly less 
than -i-i-. The tnie curx'cs probably flatten out 
tnpro Ixtforc the 4-f line is reached than is shown in 
Fig I . but the slight differences in density are im- 
possible to distinguish a-isually. 

Evaluation of Potency. — After all tubes have been 
riad the dose of heparin which would cause a 2-1- 
clot (i c , the CDr'i is calculated by plotting or by 
direct interpolation of the data. 

In plotting, ordinary arithmetical coordinate 
paper is satisfactory. In the previous publication 
i2i logarithmic probability paper was employed. 
There was evidence that the points did not fall on 
.in exactly straight line though the difference was 
u?ually slight. In the present method the calcium 
concentration (and heparin concentration as well) 
and incubation time are different; so a direct coni- 
panson is not valid. 

By “direct interpolation” is meant the estimation 
of the CDir. directly from the data; c.g., if two doses 
of 4 S 7 and 5.2 7 give clotting values of 3-f and 
•f , respectively, then the dose for the estimated 24- 
clot would be 5.0 7. 

The potency of the unknown may be estimated in 
terms of the standard as units or per cent, i.c.: 


CDy. standard y units/mg. standard = 

CDiti unknown units/mg. unknown 


CDyi standard 
CDta unknown 


X 100 = per cent of standard 


It should be mentioned here that the end point i; 
sharper when the larger amount of calcium is em- 
ployed, i.e., the dose-effect curve is steeper. The 
range of dosage of heparin on the clotting character- 
istic is considerably greater when only 1 mg. of 
CaCI; is used. 


RESULTS 

It has not been the purpose of this paper to report 
in detail the data which have been obtained but only 
to describe the procedure and general observations 
Of particular interest, however, is the siimmaty oi 
data showing the sharpness of the end points ob- 
tained from both beef and sheep plasma. This, 
already alluded to. is presented in Fig. 1. 

Kuizenga, ct nl., described a greater dosage spread 
in the coagulation of beef plasma than of sheep 
plasma. In the present experiments the extent of 
this dosage spread was found to be much less than 
they indicated. The clotting curves of Fig. 1 arc 
almost identical except in the lower region. Here 
the beef plasma coagulation curve flattens out more 
than the curve for sheep plasma. -From Kuizenga'!, 
chart the doses just giving complete inhibition and 
complete clotting were taken and their ratios com- 
pared with ratios of present data. The results of 
these calculations are shown in Table II. Good 
agreement is seen for the ratios with sheep plasma 
but not for those with beef plasma. Present rcsiiUs 
give a dosage range (in relative units) of 1:1.12 
when sheep plasma is used and 1:1.23 when beet 
plasma is used. 


TAHI.E II. — Sharpness OF End Point 


Sheep Plasma 
Doses Just GiviuK 
Complete Inhibition 
and Complete 

Coagulation Ratio 

Kuizenga's data (3) 18 7-IO 7 1.13 

From Fig. 1. 10.65-9.55“ 1.12 


Relative do-^cs 


Beef Plasma 
Doses Just Giving 
Complete Inhibition 
and Complete 

Coagulation Ratio 

14 7-6 7 2.33 

11.45-9.31“ 1.23 


Calcium Concentration. — In the original method 
described by Rcincrt and Winterstein (1) the 
amount of calcium chloride was approximately 1 mg. 
per tube. The plasma was "standardized,” using 
2 7 of heparin (the Reincrt and Winterstein anti- 
coagidant unit) in each tube, to determine the op- 
timum amount of CaCI; necessary to just give 
clotting. This was actually about half the CaCI; 
necessary to neutralize the sodium citrate. In using 
2 mg. of CaCI; (approximately the stoichiomctrical 
equivalent of the sodium citrate) the entire original 
amount of calcium of the plasma becomes available. 
Instead of 2 y lx*ing the amount of heparin needed 
to inhibit a? under the Rcincrt and Winterstein con- 
dition?. alvint 5 7 are now needed for beef pl.asma, 
and .alxiut lb 7 for sheep plasma. 


As far as assays on unknowns are concerned the 
potency of unknowns in terms of a standard were the 
same when sheep plasma was employed as when Ix'cf 
plasma was employed. There was no apparent 
quantitative difference between the two plasmas 
in their behavior toward different samples of hep- 
arin. The data on these comparisons will be the 
subject of a later report. 

DISCUSSION 

Conditions for an assay method should be 
such that tile greatest amount of information 
may be obtained from a minimum of effort, 
i.c., results should be accurate and easy of 
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duplication and the procedures as free from 
complex techniques as possible. In estab- 
lishing an assay metliod the end point should 
be taken on the steepest part of the cun^e. 
If the clotting curve were “aU-or-none,” it 
would be vertical and the reading would be 
simple. However, the clotting curve is not 
vertical. The steepest part of the slope is 
approximately at the 50% point on the curve 
(Fig. 1). This, then, is the point that should 
be taken for comparison of an unknown with 
a standard. 

Since readability of the end point is a very 
important aspect of the heparin assay those 
conditions providing this should be em- 
ployed. Beef plasma gives a clot of greater 
density than does sheep plasma and it was 
found that this factor was important in 
being able to read clots with relative ease. 
Clotted fresh beef plasma is the easiest to 
read but the use of frozen plasma offers the 
advantage of being able to stock a large sup- 
ply for use at any time. 

Beef and sheep blood are about equally 
obtainable in most areas so availability is 
not an important factor. 

It is not the purpose here to discuss other 
types of assay methods but a brief comment 
seems in order. The chemistry of heparin 
is not completed and it is not known just 
how pure commerical heparin is . A chemical 
method, such as the colorimetric assay using 
toluidine blue, would be a much more rapid 
procedure but like the colorimetric assay of 


digitalis there are objections on the grounds 
of the uncertain relationship between colori- 
metric results and anticoagulant potency. 
Colorimetric tests, chemical analysis, or 
physicochemical tests may finally prove to 
be adequately reliable but for the present 
we must depend on a bioassay. 


SUMMARY 

1. A procedure for assaying heparin has 
been described. It is based on the use of 
frozen beef or sheep plasma. 

2. Comparisons made with sheep and 
beef plasma indicate the clotting cun’^es of 
the two are relatively the same except for 
high concentrations of heparin when the 
curve for beef plasma flattens out slightly 
more than the curve for sheep plasma. 

3. Comparisons of an unknown with 
standard are made with the dose giving a 
2+ or 50 per cent clot. This is called the 
CDm- It is estimated by plotting or inter- 
polating the data. 

4. The density of beef plasma clots is 
greater than those from sheep plasma and 
the visual estimation of the degree of coagu- 
lation is therefore easier with the former 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dearborn 
Streets, Chicago, 111., seeks information on sources of supply for the following chemicals: 


N-homoveratryl homoveratramidc 

Ferrous aspartate 

Ferrous glutamate 

Ferrous glycinate 

Ferrous aminobenzoate 

Bcnzofluorenc 

Bcnzopcrylcne 

Benzocliryscnc 

Dcliydromucic acid 

Cuskhygrinc 


Hygrine 

2- Pho5pboglyceric acid 

3- Phosphoglyccric .acid 
Glucosc-G-pliosphate 
Hydroxylyramine 
Epininc 
Citraconic acid 

1 -Glyccrald cli j-de 
Creatine pliospbatc 
d-Qucrcitol 
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Sodium Theophylline Glycinate* 

Bv JOHN C. KRANTZ, JR., JAMES M. HOLBERT, HARRY K. IWAMOTO, and C. 

JELLEFF CARR 


A method of preparation and the characteriza- 
tion of Sodium Theophylline Glycinate are de- 
scribed. This nets- combination produces a 
t) pical theophylline response in animals and it 
IS IS ell tolerated in large amounts in man. 

Tt IS WELL established tliat alkali salts of 
■*" organic acids render theophylline water- 
soluble. Owing to tlie slightly acidic prop- 
erty of the principle (dissociation constant 
I ()2 X 10^" at 2.5°) (1) it has been com- 
bined with etliylene diamine to fonn one of 
its most popular dosage forms. 

Intensive therapy witli tlie available com- 
binations of theophylline is limited b}’’ the 
gastric irritation produced by the principle. 
Gastric hydrochloric acid readily decomposes 
the theophylline complexes and liberates 
the free amine which produces irritation to 
the mucosa. 

It occurred to one of the autliors (J. C. 
K.) that tlie use of an amino acid instead of 
such acids as acetic or salicylic might obvi- 
ate this diflicult)'. Having used glycine suc- 
cessfully in the buffering of gastric acidit}' 
combined with aluminum hydroxide (2) we 
chose this amino acid. 

EXPERIMENTAL 

Preparation. — Soclium theophylline glycinate w.as 
prepared as follows: 

One mole (lOS Cm.) of theophylline U. S. P was 
added to 1 L. of 1 .Y NaOH (40 Gm., 1 mole). 
The theophylline did not completely dissolve hut 
remained a.s a ropy suspension. To this mixture 
was added 2 moles (150 Gm.) of glycine. Solution 
w.is effected with gentle heat and then fdtered to re- 
move any suspended material. The solution was 
evaporated to dryness at reduced pressure and at a 
temperature not e.xcecding 70°. More drastic con- 
ditions of do’ing resulted in discoloration of the 
product. The product is a white, almost anhydrous 
m3tcri.al containing approximately .oO'Jc theophyl- 
line. 

Ph 5 'sic.al Properties. — Sodium theophylline gly- 
cimite has no melting point; however, it d.arfcens af 
lO'.l' and the entire mass liccomes hl.ack at 210°. 
It is soluble in water to the e.xtent of approximately 
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1S% (it’/t'). I" the preparation of a .saturated 
solution, care must be taken not to use too great an 
excess of the solid, for under these conditions prefer- 
ential solution of sodium glycinate occurs with the 
resulting precipitation of theophylline. A saturated 
solution of the material has a pH of S.7 to 9,1, a 
density' at 20° of 1.05, and exhibits unusual slahility 
to carbon dioxide. 

Structure. — In our opinion the structure of sotlium 
theophylline glycinate is best represented by the 
equilibrium: 

C,H,0-NtNa + NHjCHjCOOH Fi 

CjHsO.Ni + NH:CH;C00i\’a 

This is concluded from the fact that solution of 
sodium theophylline glycinate of the same physical 
characteristics may be prepared from a mixture of 
sodium theophylline ancl glycine or from a mixture of 
theophy’lline and sodium glycinate. The following 
results illustrate this e.xperimcntally. 

Four grams of theophylline were dissolved in 20 
cc. of 1 jV NaOH and diluted to 70 cc. The weights 
of the reactants represent equivalent amounts. 
The sodium theophylline formed is not completely 
soluble but remained as a ropy' suspension. Gl)'- 
cine was then added in the ratio of 1/4 molar unilc 
until the glycine-theophylline ratio was 5:1. The 
first addition of glycine caused the solution to clear. 
The pH of the solution was determined after each 
addition of glycine. The results arc recorded lie- 
low. 


Table I. — Theophylline Sodium-Glycine 
Ratios and 


Test No. 

Molar Ratio 
of Glycine 

pir 

1 

0 

10.48 

2 

0.25 

9.72 

:i 

0.50 

9.50 

4 

. 0.75 

9.37 

n 

l.OO 

9.20 

r> 

•1.25 

9.17 

7 

1 . 50 

9.12 

.s 

1 . 75 

9.00 

<) 

2,00 

9.01 

10 

2.25 

8.08 

11 

2.. 50 

8.93 

12 

2.75 

8.00 

13 

3.00 

8.8G 

14 

3.. 50 

8,82 

1.5 

4.00 

8,77 

IR 

5.00 

8.09 


If the glycine concentration is plotted against /'ll. a 
smooth curve of diminishing pH results. There v 
no break in the curve to suggest compound or com- 
plex formation, 
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,, 

Aminophylline 


./ 

—Sodium Theophylline Glycinate — 


No. Rats 

Mg./Kg. 

Alive 

Dead 

No. Rats 

Mg./Kg. 

Alive 

Dead 

2 

100 

2 

0 

2 

100 

2 

0 

4 

200 

2 

2 

4 

200 

4 

0 

4 

300 

0 

4 

4 

300 

4 

0 

4 

400 

0 

4 

4 

400 

0 

4 

4 

500 

0 

4 

2 

450 

0 

2 

4 

600 

0 

4 

4 

500 

0 

4 





4 

600 

0 
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The solutions prepared in the foregoing studies 
were then compared with similar solutions prepared 
from theophylline and sodium glycinate. Accord- 
ingly, in an attempt to duplicate solution Test Num- 
ber 6 in Table I, 2 Gm. of sodium glycinate and 4 
Gm. of theophylline were dissolved in the correct 
volume of water. The pH. of this solution was 9.22 
as compared to 9.26 for Number 5. An additional 
1.5 Gm. of glycine was added to the solution, thus 
making its composition similar to that of Test Num- 
oer 9. The pH of this solution was 9.00 as com- 
pared to 9.01 for Number 9. 

Thus it may be concluded from these results that 
the same mixture is formed with a combination of 
sodium theophylline and glycine as with a combina- 
tion of theophylline and sodium glycinate. Since 
there is no evidence of compound formation, the 
composition is best expressed by the foregoing 
equilibrium equation. 

Pharmacodynamic Studies 

To ascertain whether or hot full theophylline ac- 
tivity was e.xhibited by sodium theophylline glycin- 
atc (amino acetate) the following experiments were 
conducted. 

LDm Rat. — The LD^ of sodium theophylline 
glycinate was determined in the rat upon intraperi- 
toncal injection, time period three hours, and com- 
pared with that of aminophylline. Each compound 
was injected in 2% aqueous solution. The results 
are shown in Table II. 

This first approximation of the LDm of the 2 com- 
pounds shows for atninophylline a value of 200 mg./ 
Kg., and for sodium theophylline glycinate approxi- 
mately 350 mg. /Kg. The onset of the terminal con- 
vulsive syndrome at the same dosage levels was 
invariably more rapid with aminophylline than 
with sodium theophylline glycinate. 

Blood Pressure Studies (Dog). — Dogs under 
ether anesthesia were injected intravenously with 
2% aqueous solutions of aminophylline and sodium 
theophylline glycinate, respectively. Injections 
u’crc made in 2 animals, alternating the 2 com- 
pounds. Aminophylline injections caused a precipi- 
tous fall in blood pressure to approximately two- 
thirds of the pre-injection level, with a prompt return 
to nonnal. Similar injections of sodium theophyl- 
line glycinate elicited falls in blood pressure to about 
of the normal value. Injections of 20 to 50 
ing./Kg. of ethylene diamine in aqueous solution 


Per cent 



Figure 1 


produced falls in blood pressure to approximately 
75% of the pre-injection level. Theophylline 
sodium salicylate in comparable doses caused no 
significant change in arterial tension. 

Coronary Flow Experiments (Dog).— Coronary 
flow experiments were carried out on the dog situ 
by the Moravitz-Zahn technique (3). The animals 
were anesthetized with morphine and chlorobutaiiol. 
Heparin sodium 20 mg./Kg. was used as an anti- 
coagulant. The right atrium was not clamped prior 
to the insertion of the Moravitz cannula, as rapid 
manipulations with sutures already in place made it 
possible to eliminate this feature of the experiment. 
The blood was collected in 5 to 20 cc. volumes and 
returned immediately through a Liebig condenser 
at 37“ to the circulation tlmougli the jugular vein. 
The carotid blood pressure was recorded. 

Aminophylline and sodium theophylline glycin- 
atc, respectively, were injected intravenously in 10 
cc. volumes of 2% solution. Typical responses 
from the experiments on 4 dogs are shown on a per- 
centile basis in Chart I. It is evident from the data 
in Chart I that each compound elicits acute coronary 
dilatation of approximately the same magnitude and 
duration. 

Therapeutic Studies. — In an eighteen-month clini- 
cal trial with sodium theophylline glycinate, W. D. 
Paul (4) used this dosage form of theophylline in 
more than 300 patients. It elicited a typical theo- 
phylline therapeutic response. It was tolerated 
without nausea or vomiting in quantities up to 4 
Gm. in twenty-four hours; i.c., 2 Gm. of theophyl- 
line. A detailed account of these studies will ap- 
pc.ar in a subsequent communication to another 
jounial. 
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SUMMARY 


1. A new simple theophylline combina- 
tion has been prepared, namely, sodium 
theophylline glycinate. 

2. Sodium tlieophylline glycinate is solu- 
ble in water, 1 part in 5 parts. Its solutions 
are slightly alkaline and stable in the air. 

3. Sodium theophj’lline gl3'cinate elicits 


a tj-pical tlieophjdline response in animals 
and is tolerated in unusuall)" large amounts 
in man. 
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Chemical Examination of Daemia extensa R. Br. I.* 

By ASHUTOSH DLITTA and SUDHAMOY GHOSH 


A chemical study of Daemia extensa is de- 
scribed. Three sterols were isolated in pure 
form and characterized. In addition, a gty- 
cosidic bitter principle with pituitrin-like 
action is described. Other minor constit- 
uents are described briefly. 

'Pyaemia extensa R. Br. (syn. Pergnlaria 
extensa N. E. Br.) belongs to the Na- 
tural Order Asclepiadaceae, and grows 
throughout tlie hotter parts of India, often 
at an altitude of 3000 feet, and in Afghani- 
stan and Ceylon. It is a perennial twining 
herb with much milky juice and is foetid 
when bruised. 

Leaves. — The leaves are thin, broadly 
ovate or suborbicular, acuminate, glabrous, 
more or less shortly' pubescent above, usu- 
ally velvety pubescent beneath, the mar- 
gins ciliate, base deeply cordate, flowers 
greenish yellow or dull white, cah'x pubes- 
cent divided to the base. The plant is known 
in Sanskrit as Chandal Dudhika or Yugma- 
phala, in Bengal as Chaggalbati, in Hindi 
as Jutak or Zitran, in Bombay as Utrani, 
and in Punjab as Karial. 

Uses in India. — Many- medicinal proper- 
ties are attributed to it in the Indian 
indigenous sj'stems of medicine. It is said 

• Rcccivetl Oct. 11. 194C. from the Department of Chcra- 
istrv. School of Tropical Medicine, Calcutta, India. 


to be pungent, cooling, anthelmintic, laxa- 
tive, antiperiodic, useful in eye troubic.s, 
urinary discharges, leucoderma, uterine com- 
plaints, stranguary, inflammations, and in 
facilitating parturition. The juice of the 
leaves is used as an expectorant in the treat- 
ment of catarrhal aflections. It is also given 
in asthma and applied to rheumatic swell- 
ings. In combination with lime or ginger 
it is used in amenorrhea and dysmenorrhea. 
All the parts of the plant arc used in medi- 
cine. 

Dymock (1) in his Pharmacographia In- 
dica mentions the presence of an alkaloid 
which he designated as "daemine.” Hart- 
wich (2) mentions the presence of a bitter 
glucoside, but no details about its proper- 
ties or its pharmacological action arc stated 
in literature. As the drug finds such an im- 
portant place in the Indian indigenous sys- 
tems of medicine, a detailed chemical in- 
vestigation was found desirable in order to 
find its important constituents. The ma- 
terial employed was the entire plant con- 
sisting of the roots, stems, leaves, and 
fruits. The plant was collected locally and 
identified b\' a botanist. The fresh {daiit 
when dried in the air lost about SO per cent 
of its weight. The dried plant was coarsely 
powdered and used for all the experiments. 
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EXPERIMENTAL 

Test for Alkaloids. — Ten grams of the powdered 
drug was thoroughly extracted with boiling alcohol, 
the solvent removed, and the residue extracted with 
1% HCl. The acid aqueous extract was filtered and 
the filtrate tested with alkaloidal reagents. No alka- 
loid, as suggested by Dymoek and Hooper, could, 
however, be detected 

Prel imin ary Examination. — One hundred grams of 
the powdered drug was extracted successively with 
diS'erent solvents in a Soxhlet apparatus. The ex- 
tracts were freed from solvents, dried at 100°, and 
weighed with the following results: Petroleum 
ether (b. p. 40-60°) 2.82%, sulfuric ether 1.35%, 
chloroform 0.63%, ethyl acetate 0.67%, and alcohol 
4.43%; total extract 9.88%. Each of the above 
extracts was tested as follows : (a) Petroleum ether 
extract: neutral in reaction and tasteless ; contains 
fats, fatty oils, and sterols. (6) Sulfuric ether ex- 
tract: acid to litmus; does not give any reaction 
with ferric chloride ; bitter in taste, and gives reac- 
tions for carbohydrates, (c) Chloroform extract: 
acid to litmus, tastes bitter and contains fatty sub- 
stances. (d) Acetic ether extract: acid to litmus, 
tastes extremely bitter; ferric chloride produces a 
dirty green coloration to its aqueous solution, and 
shows strong carbohydrate reaction, (e) Alcohol- 
soluble extract: acid to litmus, tastes extremely 
bitter; aqueous solution gives a dirty green pre- 
cipitate with ferric chloride; carbohydrate reaction 
strongly positive and it contains inorganip salts. 

Detailed Investigation. — Six and one-half kilo- 
grams of the powdered drug was extracted with 
several changes of boiling rectified spirit until the 
alcohol extracted no more of the bitter substance. 
Usually, 6 to 7 extractions sufficed. The combined 
alcoholic extracts were filtered, most of the solvent 
distilled off under ordinary pressure, and finally 
evaporated to dryness under reduced pressure. The 
residue which was a dark greenish semisolid mass 
weighed 403 Gm., equivalent to 6.20% of the crude 
drug. This was extracted several times with hot 
water and subsequently with boiling water until the 
extract was almost free from any bitter taste. 

Examination of the Water-Insoluble Portion of 
the Alcoholic Extract. — The greenish black water- 
insoluble residue was dried and extracted repeatedly 
with petroleum ether in which the major portion of 
the residue was found to dissolve. The petroleum 
ether extract was filtered, the ether distilled, and a 
dark colored semisolid residue was obtained. Two 
hundred grams ot this residue, equivalent to 3.5 Kg. 
of drug was boiled with 1 L. of 1 rV alcoholic KOK 
for six hours for complete saponification. The 
saponified product was diluted with water, the 
alcohol removed by distillation, and the greenish 
emulsion extracted repeatedly with sulfuric ether. 
The ethereal extracts were washed with water, de- 
hydrated with anhydrous sodium sulfate, and the 
ether distilled off. The residue which was of a bright 
yellow color was ciystallized from absolute alcohol 
and the crystals weighed 63 Gm., corresponding to 


1.8% of the drug. It was further purified by frac- 
tional crystallization from alcohol when the follow- 
ing 3 sterols were obtained in pure condition. Be- 
sides these sterols, a low-melting yellow solid mass 
having properties similar to sterols was obtained; 
attempts to purify this fiulher were unsuccessful. 

Sterol A. — Crystallized from alcohol in fine white 
silky needles, m. p. 172.6°; freely soluble in petro- 
leum ether, sulfuric ether, chloroform, and benzene ; 
moderately soluble in acetone; sparingly soluble in 
cold alcohol and in acetic ethpr, more soluble in these 
hot solvents; insoluble in water; specific rotation 
[“]°i?° = -i-70° (in chloroform); gives color reac- 
tions for sterols; acetyl derivative, crystallized 
from ethyl acetate, melts at 203°; benzoyl deriva- 
tive melts at 206 °. 

Sterol B. — Crystallized from alcohol in fine silky 
needles, m. p. 163°; freely soluble in petroleum 
ether, sulfuric ether, chloroform, and benzene; 
soluble in ethyl acetate, sparingly soluble in alcohol, 
more soluble in hot alcohol; insoluble in water; 
specific rotation [al^n" = -|-60.5° (in chloroform); 
gives color reactions for sterols; acetyl derivative 
melts at 194.5 ° and benzoyl derivative melts at 217 °. 

Sterol C. — Crystallized from a mixture of alcohol 
and acetic ester in fine needles, m. p. 157°; freely 
soluble in petroleum ether, sulfuric ether, chloroform , 
and benzene; partially soluble in cold alcohol and 
ethyl acetate, more soluble in hot; insoluble in 
water; gives color reactions for sterols; acetyl deriv- 
ative melts at 172° and benzoyl derivative melts 
at 230°. 

Sterol D. — ^A soft yellow mass, m. p. 76-80° • 
soluble in sulfuric ether, petroleum ether, chloroform 
and benzene; partially soluble in cold alcohol and in 
ethyl acetate, more soluble in hot; insoluble in water; 
acetyl derivative melts at 211° and benzoyl deriva- 
tive melts at 248-250 °. 

The saponiljable matter remaining in aqueous 
solution after extraction with sulfuric ether was 
precipitated by dilute sulfuric acid. The precipi- 
tate was washed, dried, and dissolved in alcohol 
from which only a low-melting soft crystalline sub- 
stance and oily substances could be isolated. 

Examination of the Resinous Matter Insoluble in 
Water and in Petroleum Ether. — The dark colored 
crude resinous substance undissolved by water and 
petroleum ether was found to possess a bitter taste. 
It was thoroughly dried and 50 Gm. of the dried 
material was dissolved in the minimum quantity of 
absolute alcohol. The solution was mixed with 
purified sawdust and packed in a Soxhlet apparatus. 
It was tlien extracted successively witli the follow- 
ing organic solvents which extracted as follows: 
petroleum ether 0.696%, sulfuric ctlier 12.99%, 
chloroform 15.90%, ethyl acetate 10.86% and alco- 
hol 19.09%. The chemistry and pharmacological 
action of these resin fractions are awaiting further 
study. 

Examination of the Water-Soluble Fraction of the 
Alcoholic Extract — The aqueous extract, after sepa- 
ration of the fatty and resinous matter, was concen- 
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tr.ittd to a small bulk under reduced pressure and 
allotvcd to crj'stallize. The crj-stals which separated 
out were filtered oil and the mother liquor on further 
concentration gave another crop of crj-stals. These 
cr>'stals weighed 150 Gin., equiwalcnt to 2A0% of 
the crude drug; they were purified further by re- 
crystallization and were found to consist of a mix- 
ture of potassium nitrate and potassium chloride, 
chiefly the former. The concentrated mother 
liquor was shaken with petroleum ether to remove 
fatty substances and then evaporated to drj’ness 
tn vacuo The brown sticky residue was extracted 
repeatedly uith hot amyl alcohol until the whole of 
the bitter substance passed into solution. The resi- 
due insoluble in amyl alcohol was found to contain 
sugars and mineral salts The amyl alcoholic ex- 
tract ivas washed with a little water and the solvent 
distilled off under reduced pressure The dark 
brown residue was dissolved in a small quantity of 
water, filtered from tarrj’ impurities, and the clear 
filtrate evaporated to dryness in vacuo. The dry 
extract containing the bitter principles was dis- 
solved in absolute alcohol, in which it was com- 
pletely soluble, filtered, concentrated to a small 
bulk and allowed to crystallize. No co'stals came 
out even on keeping for several days and it was there- 
fore evaporated to dryness. It weighed 21.4C Gm., 
corresponding to 0.33''c of the crude drug. 

The dry bitter substance was repeatedly ex- 
tracted with sulfuric ether, the ethereal extracts 
washed with a little water, dried with anhydrous 
sodium sulfate and the solvent distilled off. The 
residue was dissolved in the minimum quantity of 
alcohol and allowed to co’Stallize, but as no crystals 
separated out, it was evaporated to dryness and 
finally dried in a vacuum desiccator. This residue 
w.as bitter to taste and was designated as Biller 
Principle A . 

The residue left after repeated extraction with 
sulfuric ether was next extracted repeatedly with 
chloroform' in which a bitter substance came out. 
This fraction was designated as Biller Principle B. 
The residue left after repeated extraction with 
chloroform was dissolved in absolute alcohol in 
which it was completely soluble. Xo crystals, 
however, separated out even on keeping it for 
several days. The solvent was therefore removed 
and the residue dried in a vacuum desiccator. 
This fraction is designated as Biller Principle C. 
This was found to be the most bitter out of the .3 
fractions. It was also completely soluble in water, 
the other two being onlj" partially soluble. 


The bitter principle C was a deep brown gl.wsy 
mass and very hygroscopic in nature. When hy- 
drolyzed with a dilute mineral acid, the hydrolyzoi 
product strongly reduced Fchling's solution, show- 
ing its glucosidic nature. Further detailed chem- 
ical study is being pursued for a future comnnmie.i- 
tion. 

Pharmacological Action of the Bitter Principles.— 
The bitter principle A was found to be practically 
inactive pharmacologically. The bitter principle 1! 
was found to be somewhat toxic, and the bitter prin- 
ciple C was found to be the most active lilmnnaco- 
logically. It has been recently studied in det.ailhy 
Gupta and Roy (3) and a short summary of their 
findings is given here; The glucosidic bitter principle 
is toxic to white mice, frogs, cats, and guinea pig^ 
It has a stimulant action on the involuntary imiscle., 
plain or striated, and a pronounced cfTcct on tiu- 
circulatory system, raising the arterial blood pre-,- 
sure appreciably. Its action on the uterus ap- 
pears to be comparable with that of pituitrin, for 
which it may prove to be a possible substitute. Ils 
effects appear to be due to (n) the direct stiinnla- 
tion of the involuntary muscles, and possibly (h) 
the stimulation of the post-ganglionic cholinergic 
nerves in the structures concerned. 

SUMMARY AND CONCLUSIONS 

Tlie plant Daemia exteiisa R. Br. was 
found to contain some sterols, three of 
which were obtained in a pure condition and 
the fourth in a fairly pure state. No alka- 
loid was found as reported by previous 
workers. About 2.4 per cent of inorganic 
salts, consisting mainly of potassium ni- 
trate and potassium chloride, were also iso- 
lated. Besides these there was a bitter resin 
and three bitter principles one of which was 
glycosidic in nature with a strong physi- 
ological action, the use of which as a sub- 
stitute for pituitrin is indicated. 

REFERENCES 

(1) Dymock. Warden, and Hooper, *'I*harniaco«f.tp^i''‘ 
Indica.*’ Vol. II, 1891, p. •M2. 

(2) Ilartn'ich, *'Neue ArzneidroKen.” 1897. , 

(3) Gupta, J. C., Roy, P. K., and Diitta, A. T., •' 

A/rrf Research, 24, 181-81(1910), 



Scientific Edition 


253 


An Evaluation of Adrenochrome andlodoadrenochrome 
Based on Blood Sugar Levels in Rabbits* 

By FRED H. SNYDER, ERNST LEVA, and FRED W. OBERST 


The evidence indicates that adrenochrome 
and iodoadrenochrome are ineffective in low- 
ering the blood sugar level of normal rabbits, 
potentiating the effect of insulin, or neutraliz- 
ing the action of epinephrine. 

npHERE HAS BEEN interest in the physio- 
logical importance of epinephrine oxida- 
tion products for a number of years. Green 
and Richter (1) obtained crystalline adreno- 
chrome by oxidation of epinephrine with 
catechol oxidase and rapid evaporation of 
the solution. Veer (2) obtained the same 
product in 30-35 per cent yield, using silver 
oxide as the oxidizing agent; a similar 
method was also used by Ellis (3) . Buchnea 

(4) recently reported preparation of stable 
adrenochrome by a modification of Veer’s 
procedure. Methods for the preparation of 
iodoadrenochrome [Richter and Blaschko 

(5) 1 and bromoadrenochrome [Green and 
Richter (1) ] have also been described in the 
literature. 

The antipressor effect of adrenochrome 
and iodoadrenochrome in experimentally 
hypertensive, cats has been adequately dem- 
onstrated by Oster and Sobotka (6), but 
the influence of these compounds on blood 
sugar has not been so clearly established. A 
report by Greiff and Stocklein (7) indicated 
that adrenochrome is beneficial in the main- 
tenance of diabetic patients. According to 
the interview with Buchnea (4), Marquardt 
has also obtained favorable clinical results in 
diabetes with adrenochrome; the compound 
apparently does not replace insulin but de- 
creases the amount of insulin required. On 
the other hand, Martin (8), using a solution 
which probably contained adrenochrome 
prepared by oxidation of epinephrine with 
potassium permanganate, obtained slight 
increases in blood sugar after intravenous 
administration into anesthetized cats. 

On the basis of these reports, it was felt 

* Received Jan. IG, 1947, from the Department <ff Bio- 
chemistry. Research Laboratories, The Win S Mcrrcn Co., 
Cincinnati, Ohio. 


that further investigation of the influence of 
adrenochrome on blood sugar levels was 
warranted. For this work we were fortu- 
nate in obtaining a small quantity of adreno- 
chrome manufactured in Germany, presum- 
ably under the direction of Buchnea.* In 
addition, adrenochrome and iodoadreno- 
chrome prepared in this laboratorj' were used 
in the studies. 

METHODS 

Preparation of Adrenochrome. — The procedure 
outlined by Buchnea (4) was followed as closely as 
possible in the preparation of adrenochrome. Be- 
cause of doubtful stability of the product, the ma- 
terial was prepared in small quantities. 

A 275-mg. sample of /-epinephrine was dissolved 
in a mixture of 7.5 cc. of absolute methanol and 0.15 
cc. of glacial acetic acid. To this was added 1 Gm. 
of silver oxide, and the mixture was shaken for one 
minute. The solution, which rapidly became deep 
red in color, was immediately filtered by suction, 
and the residue was washed with 1 .5 cc. of methanol. 
The filtrate was cooled to —10° for one hour, and 
the crystallized oxidation product was removed by 
filtration and was dried under vacuum. The yield 
in various runs ranged from 60 to 100 mg. 

Buchnea (4) reported a melting point of 130° for 
his product. The material prepared in this labora- 
tory showed signs of decomposition at about 125° 
but had no sharp melting point. In our hands the 
adrenochrome received from Germany behaved 
similarly. 

Preparation of Iodoadrenochrome. — Iodoadreno- 
chrome was prepared by the method of Richter and 
Blaschko (5). /-Epinephrine, in dilute acetic acid, 
was oxidized by potassium iodate. The dried ma- 
terial, obtained as crystals on cooling the reaction 
solution, was used without further purification. 

Animal Experiments. — Adult albino rabbits, 
weighing about 2.5 Kg., were used in all tests; the 
effects of individual variation were eliminated as far 
as possible by rotating the animals on the various 
experiments with an interval of at least a week after 
each test. 

Adrenochrome and iodoadrenochrome were ad- 
ministered orally, subcutaneously, or intravenously 
in doses ranging from 2.5 mg. to 40 mg. In one set 
of experiments the compounds were administered 

* This material was cencrously supplied by Dr. Charles E. 
Reed. Assistant Chief of the Cliemicnl Unit. Technical Indus- 
trial Intelliyencc Branch. Department of Commerce, Wash* 
initton. DC. 
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B:ochcn:is!r\ of Cancer, by Jesse P. Greenstein. 

Academic Press, New York, 1947. viii + 3S9 

pages. 15 X 23 cm. Price S7.S0. 

Anyone who has ever attempted to follow the 
literature of cancer research will testify to its confus- 
ing. amorphous character. Dr. Greenstein is appar- 
ently quite aware of this for in the first chapter of his 
book he states, “That which is fine and enduring in 
this literature should be separated and accorded 
recognition.” This is precisely what the author has 
done and done well. He has created a bibliography 
which appears to give a direction to the biochemists 
role in the oncological sciences without adhering to a 
preconceived philosophy. 

After an intrcKluctorj- chapter and a chapter on 
taxonomy, an extensive chapter on the extrinsic 
carcinogenic factors appears. W'ell over 100 com- 
pounds are tabulated in this chapter and 21.3 refer- 
ences are cited. The following chapter deals with 
the intrinsic factors such as the sex hormones re- 
sponsible for tumor induction. 

Attempts at control of tumor induction and of 
tumor growth are covered in 3 chapters dealing with 
nutrition, endocrinology, and chemotherapy. In- 
cluded in this last chapter is a brief summary of 
research done with radioisotopes. 

The author devotes 140 pages to the chemistry of 
tumors. Comparison is made between normal tissue 
and neoplastic tissue and much emphasis is placed on 
cnzymolog>’. Especially helpful in this section arc 
the many tables. The succeeding chapter on the 
chemistrj' of the tumor-bearing host is a natural 
companion to the chapter on the chemistry of 
tumors. 

The final chapter is a summary of the present 
status of the problem. Those who read this mono- 
graph expecting to find an answer to the cancer 
problem will be disappointed, for the author clearly 
states that the basic truths arc still unknown. How- 
ever. the author believes that "one of the principal 
hopes of the control of cancer lies fundamentally in a 
knowledge of the chemical nature of the malignant 
cell, and in successful development of chemothera- 
peutic approaches which must depend upon this 
knowledge.” 

After the enormous success of collaborative re- 
search culminating in the atomic bomb, many people 


have expressed the same hope for cancer resc.irch 
and the lay press has often echoed the hope that tlii 
investment of enough money is all that is nccdcil (o 
solve this cruel problem. Such persons do well to 
mark Dr. Greenstein’s statement; “The control of 
cancer is not like the development of the atomic 
bomb which was an application of discoveries ah 
ready made, but rather is contingent upon the tli^. 
covery of biological and chemical principles inherent 
in living matter, and which for the most part arc 
still unknown.” 

No phannaceutieal research library interested in 
cancer research should be without this monograiih. 
The author has so successfully separated the "fine 
and enduring” that many valuable hours of libtar)' 
research will be saved the research worker. At the 
same time the author’s style is so pleasing that inan.v 
will enjoy reading this monograph for background.— 
Melvin' W. Green. 


The Pharmaceutical Industry, by Rouert A. Hardt. 
Bellman Publishing Company, Boston, 1940. 32 
pages. 15 X 23 cm., paper bound. Price .$1.1)0. 
This little brochure is one of a .series of 75 mono- 
graphs dealing with the character of occupations ami 
designed to be used in guidance activities, The 
pharmaceutical industry is sufliciently diversified 
that it is difTicult to describe its possibilities without 
speaking of average conditions. Mr. Hardt has 
done a good job in describing the personal qtialifica. 
lions of the potential employee, the academic train- 
ing needed, the salarj' scales, chances for advance- 
ment and the like. The statements are as factual as 
can be expected in a booklet where generalities must 
be used. 

It is unfortunate that such professional associ- 
ations as the American Chemical Society, the 
American College of Apothecaries, the American 
Institute of History of Pharmacy, American 
Pharmaceutical Association, and American Soci- 
ety of Hospital Pharmacists are listed as trade asso- 
ciations. The reviewer believes also that some of 
the periodicals listed do not give a very representa- 
tive picture of the pharmaceutical industry. 

Pharmacy Colleges will find this booklet useful in 
many ways. — Melvi.n \V. Green. 
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Studies in Chemotherapy. IV. The Synthesis of 
Certain Unsymmetrical Disulfide Derivatives of the 
4-Hydroxyphenyl Radical*’^ 

By SVERE.IR MAGNUSSONt, JOHN E. CHRISTIAN, and GLENN L. JENKINS 


A method for the synthesis of several unsym- 
metrical diaryl disulfides having the 4- 
hydroxyphenylsulfenic radical or its acetyl or 
benzoyl derivatives as one of the components 
is described. 

' I 'he activity of a few symmetrical di- 
sulfides against some kinds of microor- 
ganisms (1) is the basis for the synthesis of 
some unsymmetrical diaryl disulfides de- 
scribed in this work. The types of com- 
pounds herein described are limited to struc- 
{iires having the 4-hydroxyphenyIsulfenic 
radical or its acetyl or benzoyl derivatives 
as one of the components. For the synthesis 
of starting materials the following metliods 
were used. 

A compound claimed to be bis(4-hydroxy- 
phenyl) disulfide (2) was made by the reac- 
tion of sulfur witli phenol under refluxing in 

* For previous papers in this series see Tins Journal, 35, 
328-35(1940). 
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a solution of sodium carbonate in glycerol. 
The method did not result in the formation 
of the claimed compound. 

Diazotized aminophenol was reacted in 
the cold yvith potassium etliy'lxanthate to 
form the xantliate ester wdiich upon heating 
and following hydrolysis with alkali 3 '-ielded 
4-hydrox j'tliiophenol . 

The same compound was obtained bj' 
forming the carbethoxy ester of sodium 4- 
hydroxyphenyl sulfonate, and following 
treatment of the drj' sodium salt witli phos- 
phorus pentacliloride, the obtained sulfonyd 
chloride was reduced wath zinc and hy'dro- 
cliloric acid, and the resulting carbethoxy 
thiophenol was hydrolj'zed with alkali to 
the 4-hj’droxytliiophenol. 

By an analogous method 4-benzox3dIiio- 
phenol was made. The sodium 4-hydro.xy- 
phenjd sulfonate was benzo 3 dated ; the dr 3 ' 
sodium salt was treated witli phosphorus 
pentacliloride whicli, following reduction of 
the obtained sulfon 3 d chloride, 3 'ieldcd 4- 
benzox 3 ^iiophenol. This conipomid was 
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oxidized to bisCd-benzoxx-phenyl) disulfide. 
The same compound was obtained b}’ oxida- 
tion of 4-hydro.x}'thiophenol with ferric 
cliloridc to bis(4-hydroxj’phenyl) disulfide 
followed by esterification witli benzoyl chlo- 
ride. The bis(4-acetox3'phenyl) disulfide 
was obtained by acetjdatioii of bis(4-liy- 
droxx-phcind) disulfide with acetic anln-- 
dride. 

The 4-acetox3’- and 4-benzox3’phen}dsul- 
fen3'l chlorides, respectivel3’', were pre- 
pared b3^ the action of dr3' chlorine on tlie 
corresponding diesters of bis(4-hydrox3'- 
phen3’l) disulfide dispersed in an anh3'drous 
indifferent solvent. 

The uns3’mmetrical disulfides were pre- 
pared as follows: B3’'the reaction of 4-ben- 
zox3*phen3dsulfen3’l cliloride witli thiophenol 
and 0-, m-, and />-tliiocresols and 4-hydrox3’'- 
thiophcnol, respectivel3’', there were ob- 
tained 4-benzox3’diphen3d disulfide, 4-ben- 
zox3'-2'-meth3’ldiphen3'l disulfide, 4-benzox3' 
.3'-metli3'ldiphen3d disulfide, 4-benzo.xy-4'- 
meth3ddiphen3'l disulfide, and 4-benzox3’’-4'- 
h3’dro.x3’diphen3d disulfide. By the reaction 
of 2- and 4-nitrophen3'lsulfenyl chloride, and 
anthraquinone-2-sulfen3d chloride, respec- 
tivel3', there were obtained 2-nitro-4'-h3'- 
drox3-diphenyl disulfide, 4-nitro-4'-h3'drox3’- 
diphen3'l disulfide, and 4-hydrox3'phenyl-2- 
antliraquinone disulfide. The reactions of 
phen3'lsulfenyl chloride, 2-chlorobenz3dsul- 
fen3-l chloride, 2,4-dichlorobenz3’lsulfen34 
chloride, and 4-benzamido-3-chlorophen3'l- 
sulfen3d chloride, rcspcctivel3% with d-ln’- 
drox3'thiophenol failed to 3'icld the expected 
compounds. 

The reaction of 2-clilorobenzylsulfen3'l 
chloride and 4-benzamido-3-chlorophen3'l- 
sulfen3'l chloride, respectivcl3', with 4-bcn- 
zo.xyThiophenol 3uelded compounds which 
have not as 3’et been identified. The reac- 
tion between the 4-benzo.\3'thiophenol and 
2,4-dichlorobenz3'lsulfen3d chloride, and 2- 
and 4-nitrophen34sulfen3-l chlorides, re- 
spectiveh', failed to 3’ield the expected com- 
pounds. B3' tlie reaction of 4-acetox3'- 
phenvlsulfen3-l chloride nith 4-benzox3'thio- 
phenol tlie 4-acetox3'-T-benzo.X3-diphen3-l 
disulfide was obtained. The reaction of the 
same sulfen3*l chloride with p-thiocresol did 
not result in the desired compound. 


B3' benzo3’lation witli benzoic anhydride 
in an anh3'drous p3’Tidine medium there were 
obtained 2-nitro-4'-bcnzox3’diphenyl disul- 
fide and 4-nitro-4'-benzox3’’diphen3d disulfide 
from 2-nitro- and 4-nitro-4'-hydroxydi- 
phcn3d disulfides, respectivel3', and 4-ben- 
zox3'phen3'l-2-antliraquinone disulfide from 
4-li3'drox3q)hen3-l-2-antliraquinone disulfide. 

B3'’ acet3dation witli acetic anh3'dricle the 
2-nitro-4'-acetox3'diphen3d disulfide was ob- 
tained from 2-nitro-4'-h3"drox3'diphcn3’l di- 
sulfide. 

EXPERIMENTAL 

1. A compound claimed to be bis(4-liydroxy- 
phenyl) disulfide was made according to the proce- 
dure of Lefewe and Desgrez (2). No analysi.s is re- 
ported by the authors but a melting point of 110° 
is listed. Recrystallized from alcohol the obtained 
compound melted at 119-120°. 

4«n/.— Calcd. forC,;HioO:S..: S.25.01Tf. I’mind: 
S, 29.09%. 

2. 4-Hydroxythiophenol. — This compound wns 
made by the Lcuckart reaction (3) modified by 
Miller and Read (4). Yield 40 Gm. (30.5%, starting 
with 1 mole of 4-aminophenol and 1.4 mole of potas- 
sium ethyl xanthate), collected over a distilling range 
of 105-110° at 1-mm. pressure. 

The same compound was more conveniently ob- 
tained according to a method described by Zinckc 
and Ebcl (5) bj’ the following steps. 

3. Sodium 4-hydroxyphenyl Sulfonate. — Ten 
moles of crystalline phenol were sulfonated and con- 
verted to the sodium salt according to a procedure of 
PauUC). Yield 1580 Gm. (80%). 

4. Carbethoxy Ester of Sodium 4-Phenol Sul- 
fonate, — Two moles of sodium 4-hydroxyphenyl sul- 
fonate were esterified w-ith ethylcblorocarbonatc (5). 
Yield 208 Gm. (73%). 

5. 4-Carbethoxysulfonyl Chloride. — One mole of 
the carbethoxy ester of sodium 4-phcnol sulfonate 
was converted to the sulfonyl chloride through treat- 
ment with phosphorus pentachloridc (5). Yield 
224 Gm. (85%); m. p. 75-70° (from glacial acetk' 
acid). 

6. 4-Carbethoxythiophenol. — Two-tenths mole of 
the sulfonyl chloride was reduced with zinc and 
hydrochloric acid (5). Yield 22.5 Gm. (SG.OCi)- 
The authors report up to 70% yield from this step. 

7. 4-Hydroxythiophenol. — Two-tenths mole of 
the 4-carbethoxythiophcnol ^vas hydrolyzed witli 
2 .V sodium hydroxide (5). Yield 17.5 Gm. (G9.4%l 
collectctl over a distilling range of 1 12-1 17° at 2-mni. 
pressure. The authors do not report the yield from 
this step. 

The 4-l)cnzoxythiophenol was made by the fol- 
lowing reactions; 

8. Benzoyl Ester of Sodium 4-Hydroxypbcn)I 
Sulfonate. — One mole of sodium 4-hydrox)T)i<cn>l 
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sulfonate was benzoylated with benzoyl chloride 

(7) . Yield 233 Gm. (70%). 

9. 4-Benzoxyphenylsulfonyl Chloride. — One mole 
of the benzoyl ester of sodium 4-hydrox3T3henyl 
sulfonate was converted to the sulfonyl chloride 
through treatment with phosphorus pentachloride 

(8) . Yield 237 Gm. (80%); m. p. 114-115° (from 
glacial acetic acid). Schreinemakers (8) reports a 
m. p. of 115-116°. 

10. 4-Benzoxythiophenol. — Two-tenths mole of 
the sulfonyl chloride was added in 5-Gm. portions 
to a mixture of 30 Gm. of zinc dust, 150 cc. of glacial 
acetic acid, and 10 cc. of concentrated hydrochloric 
acid, the mixture being kept below 60° during the 
addition. An additional 90 cc. of concentrated 
hydrochloric acid was added and the mixture was 
refluxed until a sample precipitated with water 
formed a clear solution with alkali. After filtering 
the solution was diluted with water and a wliite 
product was collected and dried. Yield 17.5 Gm. 
(74%); m. p. 74-75° (from ligroin). 

A«ai.— Calcd. for CioHioOjS: S, 13.92%. Found: 
S, 13.65%. 

11. 4-Benzoxyphenyl Thiobenzoate. — Made by 
benzoylation of 4-benzoxythiophenol with benzoyl 
chloride. M. p. 160-161° (from benzene). 

Anaf.— Calcd. for CsoHuOiS: S. 9.55%. Found: 
S, 9.50%. 

12. Bis(4-hydroxyphenyI) Bisulfide. — Two- 
tenths mole of 4-hydroxythiopheuol was oxidized 
with a dilute solution of ferric chloride (3). Yield 
20 Gm. (80%). Colorless needles, melting at 151- 
152° (from water). 

13. Bis(4-benzoxyphenyl) Bisulfide. — Two- 
tenths mole of bis(4-hydroxyphcnyl) disulfide was 
benzoylated with benzoyl chloride. Yield 3.2 Gra. 
(70%). 

The same compound was prepared by the oxida- 
tion of 0.1 mole of 4-benzoxythioplienol at room 
temperature in 50% acetic acid with 30% hydrogen 
peroxide. Yield 19.5 Gm. (89%). YOiitc needles 
from benzene; ra. p. 105-160°. 

Anal. — Calcd. for C:cHi 80(S2: 8,13.98%. Found: 
8, 14.10%. 

14. Bis(4-acetoxyphenyl) Bisulfide. — Two- 
tenths mole of bis(4-hydrox>’phenyl) disulfide was 
<=Sterificd with acetic anhydride (9). M. p. 90-91° 
(from alcohol). Lcuckart (3) reports m. p. 88-89°. 

15. 4-Benzoxyphenylsulfenyl Chloride. — The 
procedure used was that described by Hubachcr 

(9). On completion of the chlorination reaction 
excess chlorine was expelled from the sulfenyl chlo- 
ride solution by bubbling dry nitrogen through the 
system for one-half hour. The sulfenyl chloride was 
not isolated due to rapid decomposition of the crystal- 
line eompound, but was used directly in solution for 
the reaction with dilTcrcnt thiols. 

All the other sulfenyl ehlorides used in the follow- 
ing reactions were prepared in the same manner, 
starting with the corresponding symmetrical di- 
sulfides. 

16. 4-Benzoxydiphenyl Bisulfide.— Onc-hun- 

dreth mole of 4-bcnzo\yphcnylsulfcnyl chloride dis- 


solved in 25 cc. of dry carbon tetrachloride was 
added slowly at room temperature to a solution of 
0.01 mole of thiophenol in 25 cc. of dry carbon tetra- 
chloride, followed hy refluxing the mixture for one- 
half hour. A trace of copper bronze was used as a 
catalyst. 8pontaneous evaporation of the solvent 
left a compound which, recrystallized from ligroin, 
melted at 103.5-104.5°. Yield 2.8 Gm. (82.8%). 

The same procedure was used for the other 
coupling reactions. 

The 4-benzoxydiphenyl disulfide was also pre- 
pared by the reaction of the sulfenyl chloride (0.01 
mole) in dry benzene solution with the sodium salt 
of thiophenol, obtained by the reaction of metallic 
sodium with thiophenol in dry benzene and nitrogen 
atmosphere. Yield of 4-benzoxydiphenyl disulfide 
was 2.57 Gm. (76%). 

Aim/.— Calcd. for CigH) 402 S}: C. 67.71%; H, 
4.14%; 8, 18.93%; Found: C, 67.52%; H, 4.17%,: 
S. 18.94%. 

17. 4-Benzoxy-2'-methyldiphenyl Bisulfide. — 
One-hundredth mole of 4-benzoxyphenylsulfenyl 
chloride was reacted with 0.01 mole of o-thiocresol 
in dry chloroform. Tiny snow-white needles, m. p. 
68.5-69.5° (from methanol) Yield 2.53 Gm. 
(70.9%). 

Awaf.— Calcd. for C-oHuO.Ss: C, 68.15%; H, 
4.57%,: 8,18.19%. Found: C, 68.10%,; H,4.85%; 
8, 17.97%. 

18. 4-Benzoxy-3'-methyldiphenyl Bisulfide. — 
One-hundredth mole of 4-benzoxyphenylsuIfen}’l 
chloride was reacted \rith an equimolar amount of 
«!-thioeresol in dry chloroform. Fine snow-white 
needles, m. p. 75-76° (from methanol). Yield 2.35 
Gm. (66.7%,). 

Attal. — Calcd. for CsoHuOsSj: 8, 18.19%. Found: 
8, 17.97%,. 

19. 4-Benzoxy-4'-raethyldiphenyl Bisulfide. — 
One-hundredth mole of 4-benzoxyphcnylsulfenyl 
chloride was reacted with 0.01 mole of />-thiocresol 
in drs' carbon tetrachloride. Fine snow-white nee- 
dles, m. p. 115.5-116.5° (from alcohol or ligroin). 
Yield 2.73 Gm. (80%). 

Anal. — Calcd. for CmHuOiSj: 8,18.19%. Found; 
S. 17.97%. 

20. 4-Benzoxy-4'-hydroxydiphenyl Bisulfide. — 
One-hundredth mole of 4-benzoxyplicnylsulfenj’I 
chloride was reacted with 0.01 mole of 4-hydroxy- 
thiophenol dissolved in 50 cc. of anhydrous ether. 
A white microcrystalline compound, m. p. 129 5- 
130° (from methanol). Yield 2.52 Gm. (71.2%). 

Anal. — Calcd. for CijHuOiS;: 8,18.09%. Found: 
S. 17.42%. 

21 . 4-Hydroiyphenyl-2-anthraquinone Bisul- 
fide. — One-hundreth mole of anthraquinone-2-sul- 
fcnyl chloride was reacted with 0.01 mole of 4- 
hydroxythiophenol dissolved in 50 cc. of anhydrous 
ether. Small golden-yellow crj’slals, m. p. 192- 
193° (from glacial acetic acid). Yield 2.9 Gm. 
(79.0%). 

Anal. — Calcd. for QsjHirOjS:: 8,17.05%. Found: 
S. 17.07%. 
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EXPERIMENTAL 

1. Bis{4-Nitrophenyl) Disulfide.— The proce- 
dures used were those of Wohlfahrt (5) and Bogert 
and Stnll (G). The compound was purified accord- 
ing to the rnetliod described b.v ZineJee and Lcn- 
hardt (7); m. p. 1S1°. 

2. 4 -Nitrophen 3 :lsulfenyl Chloride. — The pro- 
cedure used was a motiification of the one deseribed 
by Hnbacher (S). A current of chlorine was bubbled 
through 1.54 Gm. of bis(4-nitrophenyl) disulfide 
suspended in 20 cc. of chloroform. In this experi- 
ment as well as in all others where arylsulfenyl 
chlorides are either being prepared or used in reac- 
tions, conditions must be anhydrous in order to avoid 
undcsired by-products. The reaction was com- 
pleted in tn enty minutes resulting in a clear solution 
of 4-nitrophenylsulfenyl chloride (0.01 mole) 
Excess chlorine contained in the sj’stcm was expelled 
by passing a current of dry nitrogen through the 
reaction mixture. The solution was used without 
i.solating the compound because of the e.\trcme in- 
stability of the latter. 

3. 4-Nitrodiphenyl Disulfide. — To a chloroform 
solution containing 1.9 Gm. (0.01 mole) of 4-nitro- 
phenylsulfcnyl chloride was added slowly a solution 
of 1.10 Gm. (0 01 mole) of benzenethiol in dry chloro- 
form and the reaction mixture was refluxed for 
two hours, copiier-bronze being used as a catalyst. 
Then the chloroform teas evaporated off and the 
residue was recrystallizcd from hexane; yellow 
needles, m. p, 5S-5S.5°; yield 1.80 Gm. (08.4%). 

.‘Inn/.— Calcd. for C,;H 90 .N&: S, 24.35%; N, 
5..32%. Found: S, 24.51%; N, 5.27%. 

4. 4-M ethyl-4 '-nitrodiphenyl Disulfide. — The 
procedure used was the same as that for 4-nitrodi- 
phcnyl disulfide. Starting materials were 1.9 Gm. 
(0.01 mole) of 4-nitroplienyIsulfenyl chloride and 
1.24 Gra. (0.01 mole) of 4-niethylbcnzcncthiol. Yel- 
low needles, m. p. 02-02.5°; yield 2.05 Gm. (9.5.5%), 

Ann/.- Calcd. for C„n„O.XS;: S, 23.12%; .V, 
5.05%. Found: S, 23.09%; X, 5.13%. 

5. 2-Methyl-4 '-nitrodiphenyl Disulfide. — The 
Iiroccdure used was the same as that for 4-nitrodi- 
phcnyl disulfide. Starting materials were 1.9 Gm. 
(0.01 mole) of 4-nitrophenylsulfenyl chloride and 
1.24 Gm. (0.01 mole) of 2-methylbcnzcncthiol. Yel- 
low needles, m. p. 84-84.5°; yield 2.30 Gm. (82.9%). 

.Inn/.— Calcd. for C„H„OjXS..: S, 23.12%. 
Found: S, 22.81%. 

6. Attempted Synthesis of bis(4-Aminophenyl) 
Disulfide from Aniline, Lead Carbonate, and Sul- 
fur. — The procedure described by Lefevre and 
Desgres (9) was followed. Their results could not 
be reproduced, a gelatinous, uncrystallizable com- 
l)Ound being obtained instead of the desired product. 
LefexTC and Desgres reported the compound to 
melt at 100°. 

7. Bis(4-Aininophenyl) Disulfide Obtained by 
Reduction of bis(4-Nitrophenyl) Disulfide. — Tlie 
method used was a mo<Iification of the one described 
by Shukla (10). To a refluxing suspension of 15.4 


Gm. (0.2 mole) of bis(4-nitroplienyl) disulfide in 30 
cc. of glacial acetic acid was slowl)- added a solution 
of 101.5 Gm. of stannous chloride, SnClrflH-O, i.n 
120 cc. of concentrated hydrochloric acid and ths 
reaction mixture was refluxed for one hour. On 
cooling a crystalline material precipitated wincli 
was separated and dissolved in water and suflicicnt 
20% sodium hydroxide solution added to make the 
solution slightly alkaline. Hydrogen peroxide 
(30%) was then added, dropwise, to the alk.aline 
solution whereby the desired product separatcil. 
Recrystallizcd from dilute alcohol it melted at 
70-77°; yield 10.9 Gm. (87.7%). Shukla reports a 
m. p. of 85°; other melting points have also been 
reported (11, 12). 

8. Bis(4-acetamidophenyl) Disulfide. — The pro- 
cedure used was that of Khmel’Nitzka}'a and Mikcl's 
(11). Starting from 24.8 Gm. (0.1 mole) of bis(l- 
atninophenyl) disulfide the yield was 34 Gra. 
(97.7%); m. p. 215-217°; other melting points have 
also been reported (11, 13). 

0. 4-Acetamido-3-chlorophenylsulfenyl Chlo- 
ride. — A current of chlorine was passed through a 
refluxing suspension of l.CG Gm. (0.02 mole) of bis( l- 
acetamidophenyl) disulfide in 25 cc. of chloroform. 
The reaction was completed in fifteen to twenty 
minutes, resulting in a clear solution of the desired 
compound (0.01 mole). E.xccss chlorine uas e.v- 
pclled by pa.ssing a burrent of nitrogen through the 
solution. The solution was used as such without 
isolating the compound. 

10. 4-Acetamido-3-chIoro-4'-methyldiphenyl Di- 
sulfide. — A chloroform solution of 1.24 Gm. (0.01 
mole) of 4-mcthylbenzcnethioI was slowly added to 
2.30 Gm. (0.01 mole) of 4-acetamido-3-clilorophcnyl* 
sulfcnyl chloride dissolved in 25 cc. of chloroform. 
Copper-bronze xvas used as a catalyst. After one 
hour refluxing the chloroform was evaporated and 
the residue extracted several times with boiling 
heptane. The e.xtracts were combined and chilled; 
the crystals formed were recrystallizcd from heptane. 
A white microciVstalline substance resulted, m. p- 
113-114°; yield 1.0 Gm. (49.4%). 

rin«/.— Calcd. for CiJInOClXS.: S, 19.70';;. 
Found: S, 19.14%. 

1 1. 4-Acetamido-3-chloro-3 '-methyldiphenyl Di- 
sulfide. — The procedure used was that described in 
Experiment 10, the reactants being 0.01 mole each 
of 3-mcthyIben7.encthiol and 4-acetamido-3-chloro- 
phcnylsnlfcnyl chloride. A microcrysLallinc, white 
compound resulted, m. p. 93.5-94.5°; yield O..^/ 
Gm. (15.4%). 

Ann/.— Calcd. for C,sIImOC 1NS-: S, 19.70^;. 
Found: S, 19.22%. 

12. 4-Acetamido-3-chloro-2 '-methyldiphenyl Di- 
sulfide. — The procedure used was that described in 
Experiment 10, 2-mcthylbenzcnethiol being used 
instead of 4-methyll)cnzencthiol, A white, micro- 
crystalline compound resulted, m. p. 90-l(t9‘; 
yield 0.50 Gm. (15.4%). 

Ann/.— Calcd. for CuIImOCIXS-: S, 19.7()'.;. 
Found; .S, 19.02':;. 
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13. Bis(2,4-Dinitrophenyl) Disulfide. — The pro- 
cedure used was that of Fromm, et al. (14). Starting 
from 0.1 mole of 2,4-dinitrochlorobenzene a yield of 
14 Gm. (71.4%) was obtained. Yellow needles 
from nitrobenzene decomposed without melting 
around 280°. Fromm reported the compound to 
explode at 280°. 

14. 2,4-Dinitrophenylsulfenyl Chloride. — The 
procedure used w’as a modification of that described 
by Hubacher (8) . A current of chlorine was bubbled 
through a hot (120-130°) suspension of 1.99 Gm. 
(0.02 mole) of bis(2,4-dinitrophenyl) disulfide in 
25 cc. of nitrobenzene. The reaction was completed 
in one and one-half hours, resulting in a clear solu- 
tion of the desired product (0.01 mole). Excess of 
chlorine was expelled by passing a current of nitro- 
gen through the reaction mixtime. This solution 
was used for the 4 following experiments. The 
compound may be isolated by evaporation of the 
solvent in vacuo and recrystallization of the residue 
from carbon tetrachloride; m. p. 94-95°. 

15. 2,4-Dinitro-4'-methyldiphenyl Disulfide. — 
A solution of 1.24 Gm. (0.01 mole) of 4-methyI- 
benzenethiol in 15 cc. of nitrobenzene was added 
slowly to a solution of 2.35 Gm. (0.01 mole) of 2,4- 
dinitrophenylsulfenyl chloride in 25 cc. of nitro- 
benzene, and the reaction mixture was heated on a 
steam bath for one hour. Both solutions were heated 
to 100 ° before they were mixed together. Then the 
solution was transferred to an evaporating dish and 
the nitrobenzene was evaporated. The residue was 
recrystallized from alcohol. Yellow needles, m. p. 
1147115°; yield 2,5 Gm. (77.5%). 

Ann/.— Calcd. for Ci 3 Hio 04 N;S!: S, 18.89% 
Found: S, 19.27%. 

16. 2,4-Dinitro-3'-methyldiphenyl Disulfide. — 
The procedure used was the same as that for 
2,4-dinitro-4'-methyldiphenyl disulfide except that 
3-niethylbenzenethiol was used instead of 4-methyI- 
benzenethiol. Yellow needles, m. p. 74.5-75.5°; 
yield 1.9 Gm. (58.9%). 

A?;ai.— Calcd. for CuHioO.NjS^ : S, 18.89%. 
Found: S, 18.72%. 

17. 2,4-Dinitro-2 -methyldiphenyl Disulfide. — 
The procedure used was that described in Experi- 
ment 15 using 2-methylbenzenethiol instead of 4- 
methylbenzenethiol. Yellow needles, m. p. 100- 
100.5°; yield 2.0 Gm. (62.4%). 

Anal. — Calcd. for CuHioOtNiS-: S, 18.89%. 
Found: S, 18.53%. 

18. 2,4-Dinitrodiphenyl Disulfide. — The proce- 
dure used was that described in Experiment 15, 
benzencthiol being used instead of 4-methylbenzeiic- 
thiol. Yellow needles, m. p. 86-87°; yield 2.5 Gm. 
(81.8%). 

Aim/.— Calcd. for Ci^HsO.NjSj: S, 20.80%. 
Found: 8,20.72%. 

19. Bis(2-nitrophenyl) Disulfide. — The proce- 
dure used was that described by Bogert and Stull 
(6). Yellow needles from glacial acetic acid, m. p. 
197-198°. Bogert and Stull reported 192-195°; 
other melting points have also been reported. 


20. 2-Nitrophenylsulfenyl Chloride. — ^A modifi- 
cation of the procedure described by Hubacher (8), 
and the same one as that for 4-nitrophenylsulfenyl 
chloride, was used except that during the chlorina- 
tion the reaction mixture was refluxed instead of 
applying no heat. This solution was used uithout 
isolating the compound for the follomng experi- 
ments. 

21. 4-Methyl-2'-nitrodiphenyl Disulfide . — A so- 
lution of 1.24 Gm. (0.01 mole) of 4-methj’lbenzene- 
thiol in 20 cc. of chloroform was slowly added to a 
chloroform solution of 1.9 Gm. (0.01 mole) of 2- 
nitrophenylsulfenyl chloride, and the reaction mix- 
ture was refluxed for one hour. The solution was 
then transferred to a beaker and the chloroform was 
evaporated. The residue was recrj'stallized from 
methyl aleohol. Yellow needles, m. p. 73.5-74°; 
yield 2.13 Gm. (76.3%). 

Aim/.— Calcd. for C.sHuO-NS;: S, 23.12%. 
Found: S, 22.55%. 

22. 3-Methyl-2'-nitrodiphenyl Disulfide. — The 
procedure used was that described in Experiment 21, 
3-methylbenzenetluol being used intead of 4-methyl- 
benzenethiol. Yellow needles, m. p. 74.5-75.5°; 
yield 2.32 Gm. (83.7%). 

Aim/.— Calcd. for C„H„ 03 X&.: S, 23.12%. 
Found: 22.60%. 

23. 2-M ethyl-2 '-nitrodiphenyl Disulfide. — The 
procedure described in Experiment 21 was followed 
e.xcept that 2-raethylbenzenethiol was used instead 
of 4-methylbenzenethiol. Yellow needles, m. p 
103-103.5°; yield 2.32 Gm. (83.7%). 

Aim/.- Calcd. for CuH.iOiNS.: S, 23.12% 
Found: S, 22.88%. 

24. 2-Nitrodiphenyl Disulfide. — The procedure 
used was that described in Experiment 21 except 
that benzencthiol was used instead of 4-inethyl- 
benzenethiol. Yellow needles, ra. p. 49-50°; yield 
2.07 Gm. (78.0%). 

Aim/.— Calcd. for CiiHsO^NS..: S, 24.35%. 
Found: S, 23.82%. 

SUMMARY 

1. A method for sjmthesizing certain 
unsymmetrical diarjd disulfides has been 
described. 

2. The following unsymmetrical diaiyd 
disulfides have been prepared: 4-Nitrodi- 
phenyl disulfide; 4-Methyl-4 '-nitrodiphenyl 
disulfide; 2-j\Ieth3d-4'-nitrodiphenyl disul- 
fide; 4-Acetamido-3-chloro-4'-metliyldi- 
phen}d disulfide; 4-Acetamido-3-chloro-3'- 
meth 3 ddiphenyl disulfide; 4-Acetamido- 
3-chloro-2'-meth3ddiphen3d disulfide; 2,4- 
Dinitro-4'-metli3ddiphen3d disulfide; 2,4- 
Dinitro-3'-meth3-ldiphen3’l disulfide; 2,4-Di- 
nitro-2'-meth3ddiphen3d disulfide; 2,4-Di- 
nitrodiphen 3 'l disulfide; 4-i\Iethyl-2'-nitro- 
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diphenyl disulfide; 3-jMetliyl-2'-nitrodi- 
plienyl disulfide; 2-Methyl-2'-nitrodiphen3’l 
disulfide; and 2-Nitrodiphen3'I disulfide. 
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The Determination of Camphor . in Solution with 
Phenol in a High Percentage of Light Mineral Oil* 

By ERIC D. ROBINSON and S. C. WERCH 

The standard hydrazone method for the determination of camphor cannot be em- 
ployed direaly on a solution of camphor with phenol in a high percentage of mineral 
oil. When a large percentage of mineral oil is present, it adheres to the hydmzone 
crystals and interferes with the gravimetric analysis. A method is here presented 
which eliminates this difficulty. This method is based on the extraction of camphor 
with alcohol. A weighed sample is centrifuged after first being emulsified by the 
addition of 95 % ethyl alcohol. This procedure gives recoveries averaging 99.6%. 


VS^iien CxVMphor is in an alcoholic solu- 
tion such as Spirits of Camphor or 
in a small amount of mineral oil as in the 
National Formulary' preparation of Cam- 
phorated Phenol (1), the standard hydra- 
zone metliod for the determination of cam- 
phor can be employed directly. Direct ap- 
plication of this method, however, does not 
give accurate results for camphor when this 
stcaroptene is associated witli phenol in a 
Large quantity of mineral oil. This is the 
case in many of the “Antiseptic Oils" that 
are available on the market. When a large 
quantity of mineral oil is present, it adheres 
to the hydrazone crystals and interferes 
with the gravimetric analysis. 

Because our laboratory has had the task 
of determining camphor in a number of 
preparations containing camphor and phe- 
nol in a high percentage of mineral oil, it 

•Received Feb 11. 1947. from the Medical Research 
Division. Plough, Inc.. Memphis. Tenn. 


has been found necessary to devise a method 
for tlie separation of camphor from the oily 
base. This has been accomplished by c.x- 
tracting the camphor with alcohol. A 
weighed sample is centrifuged after first 
being emulsified by the addition of 95% 
ethyl alcohol . This procedure gives exccllcn t 
recoveries. 

METHOD 

If a large percentage of mineral oil is present, 
proceed as follows: A n.."!- to l.,5-Gm. sample con- 
taining camphor, phenol, and mineral oil is wciglicd 
into a l.'i-ml. centrifuge tube. To this solution 1-3 
ml, of 95% ethyl alcohol is added and the mi-ttiirc 
shaken vigorously until an opaque emulsion is 
formed. The .'Ucohol-carnphor layer which forms is 
then separated from tlie mineral oil by centrifuging 
at about .3.500 r. p. m. for at least three mimitt-s. 
This separation procedure is best rcpc.atcd about four 
times. The alcohol-camphor layer, after each c.t- 
traction, is carefully poured into a 2.50-ml, s'olu- 
mctric flask. If a tiny drop of oil when warmed fails 
to give an odor of caraplior, one c.an be rcasoimhlv 
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certain that all the camphor has been extracted 
along with the phenol. The extract is now made to 
volume and gently mixed. Any oil-droplets that 
may appear at this time will settle to the bottom of 
the flask. 

From the center of the flask draw four 25-ml. 
aliquots of the alcohol-camphor solution by means of 
a pipette. Empty each aliquot into a 500-mI. 
Erlenmeyer flask, then proceed with the assay for 
camphor as in N. F. VIII for Camphor Spirit. The 
amount of camphor is calculated from the weight 
of eamphor 2,4-dinitrophenylhydrazone. 

If "gunk” should appear floating about the flask 
prior to filtering the hydrazone after it is formed, it 
indicates that too much alcohol had been employed 
in the above extraction and that some of the mineral 
oil got into solution. This mineral oil alio must be 
removed. This is done by decanting off the floating 
material and dissolving in boiling alcohol. The 
globules of mineral oil will settle to the bottom. 
Next pour off the supernatant liquid and cool in an 
ice bath. Then wash what hydrazine crystals might 
have formed into the crucible and proceed as before 
to wash with water and to dry to constant weight. 

When only a small percentage of mineral oil is 
present, no emulsion will result from the addition 
of alcohol and separation by centrifuging will not 
be necessary. 


Table I. — Recovery of Cajifhor from Stock 
Solution No. 1 



Sample, ° 

Camphor 

Added, 

Camphor 

Recovered, 

Re- 

covery, 

Sample 

Gm. 

Gm. 

Gm. 

% 

1 

0.1883 

0.0282 

0.0283 

100.4 

2 

0.0385 

0.0058 

0.0057 

98.3 

3 

0.0385 

0.0058 

0.0058 

100.0 

4 

0.3746 

0.0562 

0.0559 

99.5 

5 

1.2060 

0.1809 

0.1805 

99.8 

6 

0.9910 

0.1487 

0.1484 

Av. 

99.8 

99.6 


“ Samples 1-6 are amounts of 6 different weighed samples. 


EXPERIMENTAL 

Recovery experiments were carried out on two 
stock solutions. One (No. 1), containing a large 
percentage of mineral oil and duplicating the general 
formula of many of the "Antiseptic Oils" on the 
market, was made up with 5% phenol, 15% camphor, 
and 80% light mineral oil. The other (No. 2) in- 
cluded a small percentage of light mineral oil and 
duplicated the National Formulary prep.aration of 
Camphorated Phenol (30% phenol, 60% camphor, 
and 10% light mineral oil). Extraction of the 
camphor was carried out on Stock Solution No. 1, 
while direct application of the hydrazone method 
was applied to Stock Solution No. 2. 

The results of the recovery tests are shown in 


Tables I and II. Recoveries from Stock Solution 
No. 1 averaged 99.6% and were included in Table I. 
Table II presents the findings obtained from Stock 
Solution No. 2. Here the recoveries averaged 
98.9%. 


Table II. — Recovery of Camphor from Stock 
Solution No. 2 



Sample,® 

Camphor 

Added, 

Camphor 

Recovered, 

Re- 

covery, 

Sample 

Gm. 

Gm. 

Gm. 

. % 

1 

0.1543 

0.0926 

0.0913 

98.6 

2 

0.1543 

0.0926 

0.0914 

98.7 

3 

0.1543 

0.0926 

0.0911 

98.4 

4 

0.1543 

0.0926 

0.0916 

98.9 

5 

0.1543 

0.0926 

0.0919 

99.3 

6 

0.1543 

0.0926 

0.0920 99.4 

Av. 98.9 


o Samples 1-6 are amounts in 25-ml. aliquots from 1.5130 
Gm. in 250 ml. of alcoholic solution at 20°. 

DISCUSSION 


The addition of alcohol to Stock Solution No. 2, 
which duplicates the National Formulary prepara- 
tion of Camphorated Phenol, does not produce an 
emulsion, thus permitting the direct application of 
the hydrazone method. The mineral oil present in 
the sample goes readily into alcoholic solution with 
the phenol and camphor. This is due to the pres- 
ence of only a small amount of mineral oil. In any 
case, no significant amount of mineral oil contam- 
inates the hydrazone crystals. 

When the hydrazone method for the determina- 
tion of camphor was applied directly to solutions of 
camphor and phenol in a high percentage of light 
mineral oil, as in Stock Solution No. 1, results were 
about five times greater than the actual amount of 
camphor present. In these cases, mineral oil to a 
considerable degree is adhered to the hydrazone 
crystals, thus interfering with the gravimetric 
evaluation. Alcoholic emulsification and subse- 
quent separation of the camphor and alcohol by 
centrifuging eliminated this interference. 

CONCLUSION 

A metliod is here presented which gives 
excellent recoveries of camphor when it is 
in solution with phenol in a high percentage 
of mineral oil. 

Under such circumstances it is necessarj' 
to extract the camphor with alcohol before 
it is possible to apply the hydrazone reac- 
tion. 
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Influence of Bile Salts on the Absorption of Quinine* 

By U. P. BASU, S. MUKHERJEE, and R. P. BANERJEE 

An explanation is offered of the mechanism of absorption of quinine from the in- 
testine on the basis ofits interaaion with bile salts. Quinine reacts with an excess of 
sodium dehydrocholate or tauroglycocholate in alkaline medium to form a colloidal 
solution. When the latter is subjected to dialysis through cellophane, previously 
swollen with zinc chloride, both quinine and the bile acids are found to diffuse out 
through the membrane. Quinine dehydrocholate is only partially peptized by an 
excess of bile salt solution, and the resulting colloid, on dialysis, behaves similarly. 


Tt IS KNOWN that in order to maintain an 
adequate concentration of quinine in tlie 
blood for a sufficient lengtli of time, oral 
administration of tlie drug is preferred to 
parenteral, and a daily dose of 2 Gm. (30 
gr.) is usuall}' required. But, on the aver- 
age, about one-tliird of this quantity' passes 
tlu-ough tlie circulator)' S 3 'stem and is sub- 
sequentl}' excreted almost entirely through 
the kidneys. No difference is noticed in the 
quantity of quinine excreted, whether the 
alkaloid is administered in the form of a 
higlily soluble salt (e.g., the dihydrochlo- 
ride) or as a sparingly soluble salt (e.g., tlie 
sulfate) (1). The major portion of the qui- 
nine ingested is considered by some to be re- 
moved by tlie reticulo-endothelial cells (2) 
to the liver and destroyed during the meta- 
bolic processes (3, 4). The possibility that a 
part of the ingested quinine is lost tlirough 
nonabsorption in the alimcntaiy' tract also 
cannot be excluded. It would be of interest 
to undertake an investigation to find, if pos- 
sible, means by which the above fate of 
quinine in the system may be altered. 

Kelsey and Oldham have shown (.5) that 
destruction of quinine is catalyzed by an 
oxidase present in tlie system. The observa- 
tions of Anderson, Comatzer, and Andrews 
(3) that removal of tlie liver helps in the 
urinar)' e.xcretion of quinine tends to indi- 
cate that the liver is the main scat of the 
above oxidase, and of the consequent de- 
struction of quinine. It may be noted that, 
in the distribution of quinine in the different 
organs of the body, the highest concentra- 
tion is found in the li%'er, as determined by 
Ramsden, Lipkin, and IVIiitley (G). The 
question suggests itself whetlier, by increas- 

■ Received Jan. 20. 1947, from the Herbal Immunity Re- 
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ing the flow of blood in the hepatic arteries, 
the concentration and/or retention of qui- 
nine in the liver and, tlierefore, its fate in the 
S 3 'stem might be altered. It is known tint 
bile salts stimulate the hepatic flow (7) and 
also have tlie propert)' of keeping in solution 
several types of water-insoluble substances. 
If the)' exert a similar action on quinine, the 
ingestion of one or other bile salt along with 
quinine might be of considerable signifi- 
cance. 

The administration of quinine and other 
cinchona alkaloids in combination with bile 
acids has previously been claimed in the pat- 
ent literature to enhance tlie parasiticidal 
action of the drugs (S-12), but the manner 
in which this action is exerted by tlie bile 
acids has not been explained. Such work on 
the influence of a h 3 'drochloretic on the me- 
tabolism of quinine was considered to be of 
importance. 

In tlie present study, tlie interaction of 
quinine with bile acids or salts has been in- 
vestigated under various conditions. Silts 
of taurogl 3 'cocholic acid and dchydrocliolic 
acid have been used for tlicse investigations, 
since the former is a common constituent of 
bile, and the latter, an oxidation product of 
cholic acid, is well known for its marked ef- 
fect on bile secretion (13) and low toxicity 
(14); [cf. also Gilbert (15)]. 

EXPERIMENTAL 

Preparation of Quinine Dehydrocholate.— Qiiitiine 
flC.-l Gm.) and pure dchydrocliolic acid (20.1 Gm.i 
were dissolved 5ep.arately in chloroform hy warm- 
ing. The respective solutions were filtered and 
mi.xcd with stirring. The chloroform was then 
evaporated on a steam hath and the residual ina" 
triturated with absolute alcohol and fin.dly niitfd 
with ether. The ether was removed and the result- 
ing jio-.vder was then refluxed with dilute alcohol 
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(1 ; 1) for about one hour (with the addition of char- 
coal). The suspension was then filtered and the 
filtrate cooled. Quinine dehydrocholate separated 
out and was colleeted. It melted at 148-150° with 
decomposition. The melting point was not de- 
pressed when the salt was melted in a sealed tube. 

A7tal. — Calcd. for quinine, 44.6%; found; 43.9%. 

Solubility of Quinine Dehydrocholate. — For the 
determination of solubility, 100 ml. of water was 
saturated at 28° with the salt, the filtered solution 
was evaporated and the residue dried at 100° to 
constant weight. The solubility of quinine dehydro- 
cholate in water at 28° was found to be 0.0964 Gm. 
per 100 ml. of water. 

Interactions of Quinine Salts with Sodium De- 
hydrocholate and Tauroglycocholate. — The follow- 
ing experiments were performed in order to study 
the reaction, and the nature of the products formed : 

(A) To 7 ml. of a 0.0568 M quinine dihydro- 
chloride solution (f>H = 3.14) was gradually added 
a 0.025 M solution of sodium dehydrocholate 
(pH = 9.06) until the pH of the resulting mixture 
was 8.2. The volume of sodium dehydrocholate 
required was 11.75 ml. A coarse precipitate was 
formed. A similar precipitate was formed when a 
quinine hydrocholoride solution was used in place 
of the dihydrochloride. 

(B) To 50 ml. of 0.0468 sodium dehydro- 
cholate was added dropwise 8.5 ml. of 0.008 Af 
quinine hydrochloride; the of the resulting 
mixture was 8.4. The solution remained clear 
initially, but turbidity appeared as addition pro- 
ceeded, and a colloidal solution was ultimately 
formed. The turbidity was measured by means of 
a Klett-Summerson photoelectric colori neter (the 
zero of which was set for water) and a blue filter 
(see Table I). 

(C) An experiment was carried out as in B 
but using sodium tauroglycocholate in place of 
sodium dehydrocholate. 

The same concentration (0.0468 M) of sodium 
dehydrocholate and tauroglycocholate was usdd in 
e.\periments B and C, but while the former initially 
gave a zero reading in the photoelectric colorimeter, 
the latter solution gave a reading of 104. 

Examination of the reaction products showed that, 
while the colloid formed with sodium dehydro- 
cholate was practically stable toward centrifuging, 
an appreciable quantity of a coarse sediment was 
thrown do»-n from that obtained with sodium 
tauroglycocholate. WOicn quinine dihydrochloride, 
which is the more acidic, was used instead of 
quinine monohydrochloride, co.arse precipitates 
began to be fonned as soon as the mixture became 
acidic; this could be prevented by intermittent 
addition of dilute caustic soda to maintain the re- 
action alkaline. But, even when the pH w.as con- 
trolled in this manner, any further addition of 
quinine after the molar ratio of quinine to the 
bile acid in the reaction mixture was about 1 :4, re- 
sulted in the formation of co.arse precipitate. 

(D) A 0.0468 jV quinine monohydrochlaride 


solution was added gradually to a dilute solution of 
caustic soda until the pH of the final mixture was 
between 8.0 and 9.0. Only a coarse precipitate of 
the alkaloid was formed. 

(E) Equivalent amounts of quinine base and 
dehydrocholic acid were suspended in water, the 
pH of the solution raised to 8.4 by the gradual addi- 
tion of caustic soda, and the mixture" shaken thor- 
oughly. There was no observable colloid formation. 

(F) The reaction mixtures obtained in experi- 
ments A, B, C, D, and E were centrifuged for one 
hour and the supernatant liquids tested for turbidity 
in the photoelectric colorimeter (Table I). 

The colloidal solutions from experiments B and C 
were then subjected to dialysis in bags of cellophane 
previously swollen in 64% zinc chloride solution for 
twenty minutes. The dialysis was carried out 
against distilled water; the pH of the water was 
subsequently maintained at about 8.4 by the addi- 
tion of the requisite quantity of caustic soda. 
Quinine, as well as the bile acid, was found to be 
diffusing out into the dialysate. The dialysis was 
continued, with daily changes of water, until no 
further diffusion of qumine into the outer liquid was 
noticeable. At this stage, the turbidity readings of 
the dialyzed liquids were again taken in the photo- 
electric colorimeter (Table I). 


Tadpe I 



Turbidity Reading of 

Expert- 

Centrifuged 

Turbidity Reading after 

meat 

Mixture 

Exhaustive Dialysis 

A 

34 

Not dialyzed 

B 

320 

2 (did not give the test for 
quinine) 

C 

640 

lOS (there was coarse sedi- 
ment containing quinine) 

D 

0 

Not dialyzed 

E 

0 

Not dialyzed 


The first dialysate was somewhat turbid but sub- 
sequent dialysates were clear. 

(G) Quinine dehydrocholate was finely powdered, 
suspended in water, made alkaline with caustic soda 
and shaken vigorously for fifteen minutes. There 
was practically no peptization of the solid. 

(H) One-tenth gram of quinine dehydrocholate 
was finely powdered and shaken with 25 ml. of 
0.0468 j\f sodium dehydrocholate solution for half 
an hour and then centrifuged for one hour. A 
part of the solid was peptized to give a stable col- 
loidal solution. Analysis of this supernatant liquid 
showed that nearly 10% of the quinine dehydro- 
cholate taken was peptized in this manner. 

Use of sodium tauroglycocholate in place of sodium 
dehydrocholate also resulted in partial peptization 
of the quinine salt. 

(I) The peptized colloidal solution of quinine 
dclD’drocholate solution was also subjected to ex- 
haustive dialysis. A slight turbidity persisted in 
the liquid even after ten days' di.al>-sis, although 
tests showed that most of the quinine taken had 
passed out into the dialy.satc. Most of the dchydro- 


Journal of the AjieriCiVN Pharmaceutic\l Association 


2(3S 

choJic acid was also found to have difTused out 
through the membrane. 

DISCUSSION 

It will Ijo seen from the results of the experiments 
r^orded above that quinine readilj' forms a salt with 
d'.hydrocholic acid in chloroform solution, but this 
salt IS sparingly soluble in water and requires more 
than l(XX) parts of water to dissolve it; but when the 
interaction between a quinine salt and sodium 
dchydrocholate or tauroglycocholate takes place in 
aqucou.s medium, the nature of the product of reac- 
tion is found to vary with the conditions of the 
exiJcrimcnt. 

Wdien the quinine salt was added to the bile salt, 
both being in aqueous solution, and the reaction of 
the medium was maintained at a pH between S.O 
and 9.0 during the addition, the mixture gradually 
developed turbidity and took the form of a stable 
colloidal solution (Experiments B and C). The 
reverse mode of addition, on the other hand, pro- 
duced a coarse precipitate (Experiment A). It was 
demonstrated that quinine is precipitated from solu- 
tion at the pH and concentration of the above ex- 
periments (Experiment D). Treatment of a mix- 
ture of quinine base and dehydrocholic acid (Experi- 
ment E) or of quinine dchydrocholate (Experiment 
G) with dilute caustic soda solution produced no 
observable effect. Quinine dchydrocholate was, on 
the other hand, found to be [leptized by excess of an 
alkaline solution of sodium dchydrocholate (Experi- 
ment H), although the proportion of the solid pep- 
tized in this manner was found to be about 10%. 

Di.alysis Experiments F and I on the colloids ob- 
tained from Experiments B, C, and H show that, in 
all these c.ases, the quinine as well as the bile acid 
diffused out through the cellophane membrane, to a 
greater or less extent. The diffusion of quinine 
was complete in the case of the colloid obtained from 
Experiment B but incomplete with the colloids 
from Experiments C and H. It thus appears that 
bile salts, under favorable conditions, can "solu- 
bilize" quinine in an alkaline medium. 

Quinine, when taken orally, is considered to be 
absorbed mainly from the intestines (IG). Bile is 
also normally present in this region. When in- 
Hfsled quinine enters the intestine in the form of a 
■-olution and rc.acts with the bile salts, the result, 
presumably, would be a colloid.al solution as in 
Experiment C. Since quinine is found to diffuse 
through swelled celloph.ane membrane from this 
type of colloid, it might :Uso be expected to pene- 
trate the membranes of the cells lining the stomach 
and thus enter the circulatory system. 

It will be seen from Experiment C that a con- 
siderable excess of bile salts would be necessary in 
order to have the quinine in the form of a stable 
colloid.al solution. It would therefore follow that 
the presence of an adequate quantity of bile s.alts 
would Iw neecss-ary for the cfTicient absorption of 
quinine from the intestine. Rcxrent work by 
Fredericks and Hoffliauer (IT) h.as shown th.at at- 


tacks of therapeutic malaria are almost alnuy, 
accompanied by hepatic disturbances; these ten 
disturb the flow of the normal quantity of bile fror. 
the liver into the intestine. In the trcatmcnl el 
malaria by the oral administration of quinine, there- 
fore, the simultaneous administration of an cffeeiiv,- 
choleretic like dehydrocholic acid is likely to hel;i 
in the absorption of quinine and thereby to enlnnes 
its therapeutic effect, particul.arly in those c.i-es 
where deficiency of bile secretion is suspected. 

Further, Experiment H indicates that theadminii- 
tration of quinine in the form of salts of bile acids h 
not likely to be of any special advantage. Such i 
salt of quinine would be peptized or solubilized bv 
bile salts only partially, the major part rcmainins 
as an insoluble precipitate, the absorption of which 
would not be very efficient. 


SUMMARY 


1. Quinine and dehydrocholic acid react 
in chloroform solution to form a salt con- 
taining one molecule of each component. 
This salt is sparingly soluble in water. 

2. Wlien added to an alkaline bile salt or 
dchydrocholate solution, a quinine salt in 
aqueous solution forms a colloidal solution. 
On dialysis of this colloidal solution, botli 
quinine and tlie bile acids diffuse out tlirougli 
the cellophane membrane. 

It has been suggested that this solubilir.ing 
action of bile salts on quinine in alkaline 
medium provides a mechanism for tlie ab- 
sorption of quinine from the intestine. 

3. The simultaneous administration of :in 
effective choleretic, preferably dehyclrocliolic 
acid, in the quinine therapy of malaria 
might augment the therapeutic eflicacy o( 
the drug. 
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A Spectrophotometric Method of Analysis of Cascara 

Sagrada Preparations* 


By MELVIN R. GIBSON and ARTHUR E. SCHWARTING 


A method of quantitative analysis of Cascara Sagrada preparations dependent upon 
the isolation of the hydroxy-methyl-anthraquinones on a chromatographic column 
of magnesium oxide and celite was devised. The anthraquinones were quantitatively 
eluted from the column and the concentration of the resulting solutions determined 
from the results of spectrophotometric examinations. Calculations of concentra- 
tion of total anthraquinones were made on the basis of a determined extinction coef- 
ficient for pure emodin. The results of the analyses of fluidextracts by this method 
gave results correlating quite closely those previously reported in the literature for 

a different process. 


' I *HE PROBLEM of obtaining an accurate 
means of quantitative analysis for the 
anthraquinone-bearing drugs has been under 
investigation for over a half century. The 
methods which have received attention dur- 
ing this time include (a) gravimetric extrac- 
tion, {b) gravimetric precipitation, and (c) 
colorimetric. Gravimetric extractions have 
been studied by Aweng (1), Daels (2), Tun- 
mann (3), Fuller (4), and Hebeisen (5). 
Gravimetric precipitation methods have 
been investigated by Tschirch and Edner 
(6), and Tschirch and Pool (7). Colorimet- 
ric methods have been suggested by 
Tschirch and Heipe (S), Tschirch (9), Brom- 
berger (10), Warin (11), Maurin (12), and 
Fuller (13). 

In 1926 Tumminkatti and Beal (14) pro- 
posed a method of analysis involving Daels’ 
method with modifications to include quan- 
titative adsorption of the anthraquinones on 
Norit decolorizing carbon. This process in- 
volved the weighing of the impure extracted 
anthraquinones before and after treatment 
with Norit and calculating the anthraqui- 
none quantity to be the difference. 

The results of this method of assay seemed 
to the authors to be indicative that this 
method was the best that has been evolved 
in solving the problem of quantitative analy- 
sis of anthraquinone-bearing drugs. How- 
ever, in the process of an extensive study of 
the clmomatographic isolation and spectro- 
photometric analy^sis of the antliraquinone 
constituents of the bark of Cascara Sagrada 


* Ueccivwl Felinmrj* 13, 
Fhartnacocnosy, College of 
braska, Lincoln, Nebr. 


1917, from the Department of 
rharmoc}'. University of Nc- 


being carried on by the authors, a simplifica- 
tion of this process, following generally tlie 
same line of reasoning, was believed possible. 

One of the disadvantages of the process of 
Tumminkatti and Beal is the tedious shak- 
ing-out process in the isolation which yields 
large volumes of liquids that become difficult 
to handle and which must eventually be 
concentrated. To alleviate this difficulty as 
well as the weighings of minute quantities, 
chromatographic isolation and quantitative 
spectrophotometry are suggested. 

Ernst and Weiner, as discussed by Zcch- 
meister and Cholnoky (15), were the first to 
study extensively the anthraquinone-bearing 
drugs by means of chromatography. The 
resolution of an alcoholic extract into an- 
thraquinone and anthranol layers was ac- 
complished for ten anthraquinone-bearing 
drugs. 


EXPERIMENTAL 

In the method to follow, the isolation of the 
anthraquinones (the term anlhraquiiwncs is used in 
this paper to mean the trihydroxy-methyl anthra- 
quinones of the emodin scries) is dependent upon 
chromatography and the quantitative determination 
upon the adsorption of light as measured by the 
spectrophotometer. The method of extraction of 
anthraquinones present in tlie "free” or uncoinbincd 
state and those present in the "combined” or as 
aglycones of glycosides was essentially that of Daels 
(2). For the analysis of the powdered extract and 
powdered bark of Cascara Sagrada, 5 Gm.-was used 
and for the fluidextracts of Cascara Sagrada, 5 cc. 
was pipetted onto shredded filter paper and allowed 
to dry in a 5C° constant temperature oven. The 
powder or dried shreds were tlien placed in a 500-cc. 
round bottom flask witli 250 cc. of chloroform and 
refluxed for one hour on a steam bath. The 
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chloroform \vas decanted and the Cafcara washed 
with two 10-cc. portions of chloroform. This 
chloroform solution contains Uie ‘‘free” anthra- 
qninones. The partially e.\tractcd material was then 
refluxed in the same flask for two and one-half 
hours in the presence of 250 cc. of chloroform and 
50 cc. of 2o'~'c sulfuric acid. The chloroform and 
aqueous mixture was decanted from the marc which 
was then washed witli three 20-cc. portions of chloro- 
fotm. The chloroform teas separated from the 
aqueous layer in a separatory funnel. This chloro- 
fonn solution contains the anthraquinones present 
in the preparations in glycosidal form which have 
been separated by hydrolysis. This solution will 
be referred to as the "combined” antliraquinones. 

These solutions were then allowed to pass by con- 
tinuous gravity-flow through chromatographic tubes 
packed with a mixture of AUestvaco Adsorptive 
Magnesia =2041 (1 part) and cclitc (2 parts). 
The chloroform solution of free anthraquinones 
yielded a small bright red layer of anthraquinones at 
the top of the column followed by a yellow layer of 
antliranols which graduall)’ became dispersed 
throughout the column. The anthraquinones re- 
mained in a definite red layer at the top. The solu- 
tion passing through the column did not yield a 
Borntraeger Reaction (10) indicating tlic absence of 
anthraquinones. Sectioning of the extruded column 
proved that all anthraquinones were adsorbed in the 
top red layer. This would be expected since the 
basicity of the magnesia column causes the bright 
red layer to form wherever anthraquinones arc 
present. The red layers formed by the chromato- 
grams of free anthraquinones were 5 to 7 ml. wide 
and those for combined anthraquinones were from 
12 to 24 ml. wide in standard chromatographic tubes 
19 ml. in diameter. 

The columns were extruded and the red layers cut 
from the remainder of the tube. Ordinary methods 
of eluting the adsorbed anthraquinones were unsuc- 
cessful. However, by treating the dry red powder 
with 107r hydrochloric acid the chemical reaction 
of the acid with magnesium oxide released the ad- 
sorbed anthraquinones which were readily shaken 
from the acid-aqueous mixture, in which they arc 
insoluble, with successive portions of chloroform. 
For the free anthraquinone layer obtained from the 
fluidextracts, chloroform in 25-cc. portions was 
shaken with the mixture until the chloroform wash- 
ings, measured in a volumetric flask, totaled 250 cc. 
For the powdered extract a total of 500 cc. of chloro- 
form was shaken with the mixture and for the 
powdered bark a total of 1000 cc. was used. Tests 
of subsequent shakings t)eyond these volumes demon- 
strated an absence of anthraquinones. The proce- 
dure for the elution of the layers containing the com- 
bined anthraquinones of all samples was similar to 
the method used to elute the free anthraquinones. 
The chloroform washings, however, were continued 
until the .‘-olutions in each case measured 1000 cc. in 
a volumetric flask. Before spcctrophotometric 
tests could be made 10 cc. of the chloroform solution 


representing the free anthraquinones of the powdere! 
drug and the chlorofonn solutions of the coinhir.a! 
anthraquinones of the powdered extract ami tlv; 
powdered drug were each diluted to 100 cc. qii.iali- 
tatively. All other solutions were cxauiiitcil a; 
originally prepared. 

These chloroform solutions were examined sjiee. 
trophotometrically using a Coleman I'niversil 
spectrophotometer in the visible region of tlx' 
spectrum at ten-millimicron intervals using the mill 
method. The solutions were in cuvettes 1.," cm 
in diameter using chloroform as the stand.ard. 
complete analysis of the ehttcd free and comliiticd 
chloroform solutions of the respective chroinalo 
grains of sample C-2, a powdered extract, is slinnii 
in Table I. 

Pure emodin was prepared from Cascara Sagrad.i 
bark by the Jowett (17) method and a solution of 
this examined spectroiihotometrically gave resuIlN 
as shown in Table I. Preliminary investigations of 
the other anthraquinones isolated from Casc.irn 
indicate maximum light absorption in the 400 to 
440 ma range. The maximum absorption of the 
red layers is the same as that for pure anthraquinones 
indicating anthraquinone isolation in the red Inver 
of the chromatogram. 


Tabli! I. — CoMPARATivu Tkansmittanci: or 
Eluted CiiROMAToGRAriiic Layers and ICmodin 


Wave Length, 
mu 

C.2 

Free 

C-2 

Comb. 

Hniodin 

400 

54.5 

00.0 

09.5 

410 

57.0 

08.5 

07.0 

420 

5S.0 

09.0 

01.0 

430 

58,0 

09.5 

00.5 

440 

58. 5 

70.0 

.59.0 

450 

00.5 

71.5 

59.5 

4C0 

04.5 

74.3 

03.0 

470 

71.5 

79.0 

08.7 

480 

79.0 

&1.5 

70.5 

490 

SO.O 

88. 5 

83.0 

500 

91.0 

93.0 

88.5 

510 

94.0 

94.0 

01.5 

520 

90.5 

90.5 

91.0 

530 

97.5 

98.0 

91.0 

540 

98.0 

98.0 

95.0 

550 

99.5 

98. 5 

90.0 

500 

99.5 

98.5 

90.0 

570 

99.5 

98.5 

90.5 

.580 

99.5 

99.0 

90.5 

.590 

99.5 

99.0 

90.5 

COO 

99.5 

99.0 

97.0 


Since emodin is the antliraquinone present in the 
largest quantity, all quantitative calculations arc 
m.ade on the emodin basis at the wave length of 
maximum absorption for emodin, 440 lua. Since 
all anthraquinones sliow maximum or near-maximum 
absorption at thiswave length and are simply position 
isomers of emodin the molecular extinction coefTi- 
cierit (K) for emorliu is a workable basis. 

Eraorlin was proved to conform with Beer’s In"’ 
in that the absorptance of the solnlion is directly 
proportional to the concentration of the solute 
(numlicr of absorbing molecules of absorbing -stdi- 
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Table II. — Percentage XRANSinTTANCE at 
440 mfi 


Sample 

Free 

Combined 

A-l 

74.0 

36.0 

A-2 

76.0 

. 35.3 

A-3 

35.3 

45.0 

B-1 

58.0 

17.0 

B-2 

72.0 

17.0 

B-3 

45.0 

17.0 

C-1 

60.0 

69.0 

C-2 

58.6 

70.0 

C-3 

64.5 

68.3 

D-1 

77.0 

53.0 

D-2 

77.0 

52.0 

D-3 

77.0 

52.7 


Table III. — Calculated Weights (Gm./5 Cc. 
OR Gm./5 Gm.) op Anthraquinones 


Free Combined 


Sample 

A-1 

A-2 

A-3 

E-1 

B-2 

B-3 

C-1 

C-2 

C-3 

D-1 

D-2 

D-3 


0.0010 

0.0009 

0.0034 

0.0017 

0.0010 

0.0026 

0.0033 

0.0035 

0.0028 

0.0317 

0.0317 

0.0317 


0.0135 

0.0137 

0.0105 

0.0232 

0.0232 

0.0232 

0.0490 

0.0470 

0.0503 

0.0830 

0.0869 

0.0843 


Total 

0.0145 

0.0146 

0.0139 

0.0249 

0.0242 

0.0258 

0.0523 

0.0505 

0.0531 

0.1153 

0.1186 

0.1160 


stance). Three solutions of known concentration of 
emodin were prepared. Solution No. 1 contained 
0.010 mg. per cc., No. 2, 0.005 mg. per cc., and No. 3, 
0.0025 mg. per cc. At 440 m^^, No. 1 gave 47.0% 
transmittance. No. 2, 68.5%, and No. 3, 84.7%. 
When the transmittance is plotted on a logarithmic 
axis against concentration, a straight line results 
indicating conformity to Beer's law. 

Using the formula C = logio To/I the emodin K 
Kb 

is 6830. In the formula, C equals the concentration 
in moles per liter, logio lo/I is the logarithm of the 
ratio of incident to emergent light, K is the molecular 
extinction coefficient, and b is the thickness of the 
absorption cell. The value of the molecular extinc- 
tion coefficient for emodin was used in conjunction 
with this formula in subsequent calculations of the 
anthraquinone content of the Cascara preparations. 

Using the processes of extraction, isolation, and 
quantitative measurement as indicated above, the 
following preparations were analyzed. Samples of 
the A series represent a 11. S. P. Fluidcxtract of 
Ca.scara Sagrada made by a prominent manufac- 
turer; samples of the B scries represent a U. S. P. 
Fluidcxtract of Cascara Sagrada by a different 
manufacturer; samples of the C series represent tlic 
powdered U. S. P. Extract of Cascara Sagrada made 
by the same manufacturer as the Fluidcxtract A; 


and samples of the D series represent the bark of 
Cascara Sagrada in a powder 6ner than =40. 

The percentage transmittance of the anthraqui- 
none 440 mfi is given in Table II. Table III gives 
the calculated results in grams. 

SUMMARY 

From these results several conclusions 
may be drawn concerning the process. 

1. As exemplified b)’" samples A the re- 
sults for free and combined anthraquinones 
vary only a few milligrams from the results 
reported by Tumminkatti and Beal in their 
process using an extract from the same 
manufacturer. 

2. As shown by the results of sample B 
there is considerable difference in anthra- 
quinone content of the products of different 
manufacturers. This was also found to be 
true by Tumminkatti and Beal. 

3. The processes of extraction and isola- 
tion seem to be consistently efficient as sev- 
eral successive samples gave exactl}’- the 
same spectrophotometric readings and all 
were within 1 or 2 mg. 

4. The preparations of Cascara Sagrada 
represent only a fraction of the anthraqui- 
nones present in the bark. 

An efficient method is proposed for the 
quantitative analysis of Cascara Sagrada 
preparations aimed at eliminating some of 
the factors influencing variable results of 
previous methods of analysis. 
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The Preparation and Properties of the Perchlorates 
of Some Choline Esters* ^ 

By FREDERICK K. BELL and C. JELLEFF CARR 


The preparation and propenies of acetyl, 
benzoyl, furoyl, and thenoyl choline per- 
chlorates are described. It is shown that 
perchloric acid may be used to isolate choline 
esters from their reaaion'^mi.vtures. 

'^HE PREPARt\TiON of a number of choline 
esters which were desired for pharma- 
cologic study in tliis laboratory’ was greatly 
facilitated by the observation tliat acetyd 
choline can be readily obtained in a well- 
defined crystalline form as the perchlorate 
salt. Furthermore, even casual obser\'ation 
revealed that this salt showed considerable 
suability toward atmospheric moisture in 
marked contrast to the well-known behavior 
of the chlorides of most of the choline esters 
that have been prepared. Our hope tliat the 
desired choline esters would also j'ield simi- 
lar j)erchlorate salts was fulfilled. 

A siuA'ey of tlie literature reveals that 
little attention has been given to tlie prepa- 
ration of the perchlorate salts of choline es- 
ters. Hofmann and Hobold (1) have pre- 
pared and described in detail choline per- 
chlorate and the nitrate ester of choline 
perchlorate. In accord with their recom- 
mendations, the latter compound has been 
found very satisfactory for the identification 
of choline (2) and its pharmacology has been 
investigated in this laboratory (3). Binet 
and Burstein (4) studied the action of pro- 
pionylcholine perchlorate on the bronclio- 
motor apparatus but give very little informa- 
tion conccining the chemistry of the salt. 

It is the purpose of this communication 
to describe tlie preparation and properties 
of the perchlorates of four choline esters, 
t-i:., acetyl, benzoyl, furoyl, and thenoyl. 
The latter two compounds are new esters 
that have not been previously prepared. 
It will be noted that if the sulfur atom in the 
thiophene ring of the thenoyl comjiound is 

• Rcccivrd March 10. 10*7. from the Department of 
Pharmacclojo*. School of Medicine, L'fiivmity of Maryland, 
lUIlimore, ^Id. 

t The expense of ihi? study was defrayed »n part by a 
itrartt from the Hoard of Trusters of the L'njted States Wiar- 
tnacop^iil Contention. 


replaced bj’ oxygen then tlie furoyl ester i: 
obtained. 

EXPERIMENTAL 

Acetyl ChoUne Perchlorate. — This s.ilt c.\ii b 
rcadil}’ obtained in the folioiviitp manner and in 
yield. To a 10% solution of acetyl choline clilori li 
or bromide in absolute ethyl alcohol, add dropnii- 
with stirring, 00% perchloric acid solution until 
slightly more than the calculated amount of ad I 
has been added. Chill the mixture in ice tthili- 
stirring. The pcrchlomte is precipitated as a m^^, 
of feather}' trliitc crystals, which can he rcailHy re- 
moved by filtration. If the crystals arc ttaslicii 
with a little ice-cold absolute alcohol and then with 
dry ether, a pure product is obtained. After 2 
rccrystallizations from absolute alcohol the coin- 
pound melted at 110-117°.* The crystals occur ae 
white rods or needles, are double refracting, and are 
readily soluble in water, acetone, and hot ahsolnie 
alcohol. Microanalysis in duplicate gave the fol- 
lowing results: 

zl«r;/.— Calcd. for CrllitOeNCl: C, OLSS';;: 
II, 0.57%: N, 5.70%. Pound: C, .'M.‘I5% and 
.•14.32%; H, 0.00% and 0.82%; N, 5..58% and 

5.59%,. 

The benzoyl, furoyl, and thenoyl esters of choline 
were readily prepared by condensing choline chloride 
with the corresponding acid chloride. Thenoyl 
chloride was prepared by treating nr-thciioic .acid 
(kindly supplied by the Socony-Vacunin Company) 
with thionyl chloride (5). 

In the case of cacli of the 3 esters the iirocediirc 
was .similar. In a suitable flask equipped with .a 
vertical air condenser, choline chloride was trc.alial 
with the acid chloride in the proportion of 1 mole of 
the former to 2 or 3 moles of the latter. The niistnre 
was heated on a steam bath for several hours. The 
mixture was cooled and then extracted several tiine^ 
with dry ether to remove the excess acid chloride 
and hydrochloric acid. The residue, consisting of 
the chloride of the ester, was dissolved readily in 
absolute alcohol. On tre.aling this solution with a 
slight e.xcess of 00% perchloric acid .sohition the 
perchlorate salt was precipitated and snhscqucnlly 
purified by recryslallization. 

Each of the 3 salts appe.ars to be completely non- 
hygroscopic. A report on the pharmacolojgy of the*^ 
compounds is in the course of preparation. 

Benzoyl Choline Perchlorate. — While douhlc re- 
fracting crystals, m. p. 203-205°; re.adily .soluble in 
acetone, much less soluble in hot absolute alcohol, 
sparingly soluble in water. 


* All msltin;: i-oints rrporl,tl were tlelermined wirfi lU’ 
Fishrr-John« apparatin. 
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Anal— Ca\cd. for CuHi.OsNCl; C, 46.83%; H, 
5.90%; N,4.55%. Found: C. 47.16% and 47.45%; 
H, 6.22% and 6.11%; N, 4.50% and 4.52%. 

Furoyl Choline Perchlorate. — White double re- 
fracting crystals, m. p. 143-144°; readily soluble in 
acetone, soluble in water, and less soluble in absolute 
alcohol. 

Anal— C&lcd. for CioHieOrNCl: C, 40.34%; H, 
5.42%; N,4.71%. Found: C, 40.37% and 40.29%; 
H, 5.78% and 6.40%; N, 4.76% and 4.60%. 

Thenoyl Choline Perchlorate. — White double re- 
fracting scales or plates; m. p. 189-190°; readily 
soluble in acetone, sparingly in alcohol and water. 

Anal.—Calcd. for CioH.eOsNHClS: C, 38.28%; 
H, 5.14%; N, 4.46%. Found: C, 38.50% and 
38.61%; H, 5.26% and 5.60%; N, 4.48% and 
4.49%. 

As has been previously noted, with the first prepa- 
ration of acetyl choline perchlorate we were im- 
pressed by the apparent stability of this compound 
toward atmospheric moisture. This is in definite 
contrast to the behavior of the chloride which is 
usually dispensed in sealed glass ampuls because of 
its marked hygroscopicity. Acetyl choline bromide 
is regarded as more stable than the chloride in this 
respect. We have carried out several simplified 
e.’:periments to demonstrate the comparative be- 
havior of these 3 salts toward atmospheric moisture 
under controlled conditions. 

Four similar weighing bottles were selected and 
each of 3 of these was weighed against the 4th bottle 
as a tare. Into 1 bottle was introduced approxi- 
mately 0.1 Gm. of acetyl choline perchlorate which 
had been stored over calcium chloride. The bottle 
was immediately closed and then weighed. In the 
same manner a 0.1-Gm. sample of acetyl choline 
bromide was introduced into a second weighing 
bottle and weighed. This salt was removed from 
a new and unopened bottle of the Eastman Kodak 
product. The label was removed from a sealed 
glass ampul containing 0.1 Gm. of Merck’s acetyl 
choline chloride and the ampul was then cleaned 
and dried. The ampul w'as opened and immedi- 
ately placed in the third weighing bottle, which was 
promptly stoppered and then weighed. 

A water-sulfuric acid mixture adjusted to give a 
relative humidity of 50% at a room temperature of 
25° was introduced into a desiccator in place of the 
usual desiccant. The weighing bottles were placed 
in the desiccator and opened, after which the cover 
was placed on the desiccator. At definite intervals 
the bottles were stoppered, removed from the 
desiccator, and weighed, after which they were re- 
turned to the desiccator for further exposure to the 
humidified atmosphere. The weighing bottle used 
as a tare was subjected to the same treatment 
throughout tlie experiment. 

A tj-pical series of weighings is shomi in Tabic I. 
These results indicate that the perchlorate is com- 
pletely stable under the conditions of the expen- 
incnt. On the other hand tl:e chloride takes up 
moisture rapidly and the bromide shows a definite 
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hygroscopicity which, however, is considerably less 
than that of the chloride. 

In the light of these results we subjected the 
bromide and the perchlorate to a more drastic test. 
The, sulfuric acid mixture in the desiccator was re- 
placed with water and imder these conditions a rela- 
tive humidity of 100% was to be expected. Samples 
of a tenth of a gram of each of the 2 salts were 
weighed out and,- after exposure to this atmosphere 
for one hour, were weighed again. The bromide 
had -visibly liquefied and showed a weight increase 
of 10 mg. or 10%. No significant change in weight 
of the perchlorate sample was observed. 

We may therefore conclude that the perchlorate 
is completely nonhygroscopic. It is readily soluble 
in water and ' hence represents a very convenient 
form of acetyl choline for the pharmacologist, espe- 
cially in those cases where this substance must be 
weighed out in small quantities with analytical pre- 
cision. 


Table I 


Total Time 
of Exposure, 

Total Change in Weight of 0.1-Gm. 
Samples. Mg. 

Hr. 

Chloride 

Bromide 

Per- 

chlorate 

V- 

1.7 

0.7 

-0.3 

‘A 

2.8 

1.2 

-0.2 

1 

3.9 

1.5 

-0 1 

iVz 

5.4 

1.8 

-1-0. 1 

2>A 

7.8 

2.4 

-0.1 

3'A 

10.6 

3,4 

0.0 

4V2 

12.7 

4.0 

-0.1 

10‘A 

20,6 

0.1 

■fO.I 

51V! 

39.2 

8,1 

-0.2 


SUMMARY 

1. The preparation and properties of 
acetyl, benzoyl, furoyl, and tlienoyl cliolinc 
perchlorates have been described. 

2. The results indicate that perchloric 
acid may be used to considerable advantage 
to isolate choline esters from their reaction 
mixtures since in general the perclilorate 
salts are well-defined crystalline and nonhy- 
groscopic substances. 

3. Acetyl choline perchlorate, which can 
be readily prepared, is nonhygroscopic and 
readily soluble in water. It tlierefore repre- 
sents a higlily desirable form of acetyl cho- 
line particular!}'- for the pharmacologist's use. 
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Organic Ozonides as Chemotherapeutic Agents. I. 

Chemical Studies* 

By GEORG CRONHEIMf 


Chemical and physical properties of ozonized 
olive oil have been investigated. Ozonized 
olive oil decomposes in the presence of 
water into medium length mono- and di- 
basic acids and aldehydes and hydrogen 
peroxide. Organic pero.xidic compounds 
are formed as intermediates. It is suggested 
that the beneficial clinical results which have 
been obtained with ozonized olive oil are due 
to the germicidal properties of the peroxides 
and to specific actions of the final decom- 
position products. 

PIIAR.MACEUXICAL USe of OXygCII 

releasing substances dates back as far as 
ISIS when Thcnarcl discovered hydrogen 
peroxide. The compounds employed since 
then were and still are almost exclusively 
inorganic or organic peroxides. Very' little 
attention has been paid to ozonides many of 
which clecomjiose with the release of nascent 
oxygen and can thus be used in the same 
manner as peroxides. 

.•Vlthough Schoenbein was the first to ob- 
serve in ISoo the addition of ozone to the 
ethylene linkage, it was Harries who from 
1001-1010 studied in detail the formation 
and the physical and chemical properties of 
organic ozonides. In 1014 Knox (1) filed a 
patent application for “a medicinal com- 
Ijound comprising the ozonide of the triglyc- 
eride of a hydroxylated fatty acid of the 
C„Ho„ _^0: series.” This ricinoleic acid ozo- 
nide was supposed to be an “improved, ef- 
ficient and emollient laxative” with germici- 
dal action upon pathogenic microorganisms 
in the intestines. 

.■\s a matter of curiosity mention should 
also be made of the book Experiments with 
Oxygen on Disease, published in 1021 by 
James Todd (2). The author first deals in 
detail with the manufacture of ozonized 
olive and cod-liver oils. He then goes on to 
describe how he obtained “miraculous cures” 
with oral doses of "from 100 to 300 drops 

• Re<rri\etl Fcl». 10. ICM7, frora the Research I^f^orafori*-* 
of The G. F. Company. Saratoga N. Y. 

t rrr'ect acl.irc'.v The S. V. Company, 

Bfisto!. Teas 


daily of the ozonized oil alone or with a small 
quantity of whisky” in Bright’s disease, tu- 
berculosis, etc. 

A scientific investigation of the gcnnicidal 
properties of ozonides in form of ozonized 
olive oil was started tlirough the investiga- 
tions of Harada (3) and Stevens (4). The 
first clinical report was published by Bender 
and Blancliard (5) in 193S, followed by re- 
ports from Sawyer (6), Sackin (7), Leonard 
and Engle (cS), Grcenberger and Helfcrt (9), 
Barrows (10), and recently by Sharlit (11). 

In all these cases the ozonide was used 
topically'. The only investigation on the 
internal use of ozonides seems to be that of 
Blitz and La Lande (12) who studied the 
anthelmintic action of several ozonized 
oleic acid esters in dogs infested with asca- 
rides. 

The reason that ozonized olive oil has 
been used in these investigations is due to the 
fact that olive oil with its relatively high 
concentration of olefinic double bonds is a 
very' convenient starting material. Further- 
more, as will be shown later, it has certain 
advantages regarding stability and odor 
over other investigated materials and syn- 
thetic oleic acid esters. 

Ozonized olive oil* is obtained by' forcing 
an ozone-air mixture through oliv’e oil at 
room temperature. Under proper condi- 
tions, the ozone will react quantitatively 
with the double bonds in the unsaturated 
fatty' acids forming tlie corresponding ozo- 
nidcs. It has been found that a partly foO 
per cent) ozonized olive oil represents the 
most practical form for pharmaceutical aj)- 
plication and such a product was used fo' 
the most part in the present investigation. 

The main components in olive oil with 
olefinic double bonds are oleic and linolcie 
acids. Calculated as triolein and trilinolein, 
they comfirise from 7.a-S-a per cent and from 
G-10 per cent, respectively', of the olive oil, 

* Thit proiuct M a%3ili!>!e unAff th'’ tratJe nam#’ 
from Thi- O. F. Harvey Oirnpany, Sarator^ *• 
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Uie rest consistuig of the glycerides of satu- 
rated fatty acids.- A partly ozonized olive 
oil can thus be best described as a solution of 
triolein ozonide in olive oil, if one disregards 
the small amount of trilinolein ozonide 
which may be present. In this and the fol- 
lowing paper the product will be desig- 
nated simply as ozonized olive oil. 


It shows that the decomposition can proceed 
in two ways, and that water pla}’s an essen- 
tial role in one of them. The final com- 
pounds are acids, aldehydes, organic perox- 
ides, and hydrogen peroxide. Quanti- 
tative data for the rate of decomposition of 
ozonized olive oil are given in Tables I and 
II. 


Table I. — Spontaneous Decomposition- of Ozonized Olive Oil 



A . ^ 



Millimol./Gm.- 








Untreated 


Dried 

Untreated 


Sample Kept at 

2° 

22° 

22° 

2° 

22° 

ooo 

0 wk. 

1.37 

1.37 

1.37 

0.71 

0.71 

0.71 

6 wk. 

1.32 

1.21 

1.22 




13 wk. 

1.29 

1.04 

1.18 

1.07 

1.16 

1.36 

21 wk. 

1.27 

0.92 

1.10 




31 wk. 

1.24 

0.79 

1.06 

i.44 

1.92 

2.02 


Table II. — ^Amount of Active Oxygen in Ozonized Olive Oil and of Hydrogen Pero.xide in the 
Aqueous Phase after 24 Hours’ Contact at 22° 


Sample No. 

1 

Active Oxygen in % (w/w) 

2 

3 

Hydrogen Peroxide, Mg % 

1 3 

Original Concentration 

0.77 

0.80 

1.41 



After Contact with: 
Distilled water 

0.82 

0.90 

1.49 

10.2 

11.2 

0.1 M NaHCOj 

0.71 

0.89 

1.33 

4.6 

6.5 

0.1 M NaHsPOi 

0.81 

0.84 

1.55 

9.8 

9.9 

Ringer solution 


0.79 





Ozonized olive oil is an almost colorless 
oil which starts to solidify at a temperature, 
below 10°. It is very soluble in chloroform, 
ether, and petroleum ether, and, unlike 
olive oil, fairly soluble in alcohol and ace- 
tone. The surface tension of ozonized olive 
oil is quite low, approximately 30 d}mes/cm. 

The structural formula and the decompo- 
sition of aliphatic ozonides has been the sub- 
ject of numerous investigations and contro- 
versies, a detailed summary of -which is given 
by Long (13). In a greatly simplified form 
it can be schematically written as follows: 


H H H H 

II Oz 1 /OO. I 

R— C=C— R R— C< >C— R 

\ O / 

H;0 


H 


H 


R— C— O— O-^C— R R— CHO-I-R— COOH 

I I 

OH OH 


2R— CHO+HiOi! R— CHO+R— COOH+H.O 


* Other unsatumted compounds, like arachidonic acid, arc 
present only in traces. 


EXPERIMENTAL 

Due to the comple,xity of the decomposition reac- 
tion no simple analytical procedure for the evalua- 
tion of ozonized olive oil is knotvn. For practical 
purposes an iodometic procedure has been adopted 
with the results e.\-pressed in per cent by weight of 
active oxygen. 

An amount of from 0.1 to 0.2 Gm. of ozonized 
olive oil is weighed in a little dish, transferred to a 
250-ml. Erlenmeyer flask, and dissolved in 10 ml. of 
chloroform. To this solution is added a mixture of 
38 ml. of glacial acetic acid and 2 ml. of a 50% aque- 
ous potassium iodide solution. The flask is closed 
with a glass stopper and kept with occasional shak- 
ing for exactly forty-five minutes in a dark place. 
After this time, 75 ml. of water are added and the 
liberated iodine is determined by titration with 
0.02 N sodium thiosulf.atc solution (1 ml. = O.lfi 
mg. O.) 

If this method is followed c-xactly, it will give re- 
producible results. If one calculates the concentra- 
tion of the ozonide on the b.asis that each mole of 
active oxygen is cquiralent to one mole of ozonide 
one finds onlj- about 70% to S0% of the ozonides 
present. The reason for this deficiency is partly due 
to the fact that the reaction has not reached the end 
point after forty-five minutes but proceeds vcr>- 
slowly for another sixty to ninety minutes. More 
important, however, is the fact that in the presence 
of glaci-al acetic acid part of the ozonide will be split 
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•lircctly into .in aldeliydc anti an acid ivithout 
lilicration of iodine. 

Ozonizetl olive oil will slowly decompose due 
to the inherent lability of the triolein ozonide mole- 
cule. This decomposition cannot be prevented 
completely but it can be retarded by removing all 
moisture from the finished product and storing it at 
low temperature. An e.xample is given in Table I 
which contains also values for the amounts of free 
acids present under the different conditions. 

It is interesting to note that the formation of free 
acids is relatively little influenced by the storage 
temperature and is not affected by the moisture 
present. 

Since ozonized olive oil is intended oiilj’ for topical 
application where moisture is always prc-seiit, the 
decomposition in this case is of particular interest 
and was studied iu the following manner; 

Ten milliliters of distilled water or 0.1 M solution 
of sodium bicarbonate or monosodium phosphate 
(f)H S.2 and 4.5, respectively) in a small (25-ml.) 
beaker were completely covered with ozonized olive 
oil (approximately 0.4 Gm.). The samples were 
then kept at 37° for twenty-four hours. After this 
time, the amount of available active oxygen in the 
oil was determined in the above described manner 
.and also the amount of hydrogen peroxide in the 
aqueous ph.asc. The average results of a number of 
e.vpcriments are summarized in Table If. 

At first it seemed somewhat paradoxical that, after 
prolonged contact with water, the ozonized oil 
should yield more active oxygen than it showed 
originally. The cxpl.anation is to be found in the 
different ways in which the ozonidcs can be decom- 
Iiosed. It had been indicated that glacial acetic 
acid can split triolein ozonide directly into an alde- 
hyde and an acid without the liberation of active 
oxygen in any form. This means that, iu the stand- 
ard jiroccdure of analysis, a cert.-iin amount of the 
ozonide will not react with hydriodic acid and that, 
therefore, the obtained results are too low. If, 
however, the oil has been in contact with water for 
a prolonged pcrioil of time, part of it has already 
been decomposed with the fonnation of per-com- 
pounds. If the standard method of analy.sis is then 
applied to this already partly decomposed product, 
the pcr-compounds will hydrolyze quantitatively 
while the remaining ozonides will decompose to the 
same extent as before. Thus, a simple calculation 
of the reaction equilibrium proves that a l.arger 
amount of actix’c oxygen should be found if the oil 
was in contact with water before the analy.sis was 
m.ade. 

Table II contains also values for the amount of 
active oxygen in the aqueous ph.ase expressed in 
terms of hydrogen peroxide. As can be expected, 
the decomposition of both the oil and hydrogen per- 
oxide itrocecd'i at a somcirli:it faster rate if the />II 
of the solution is shifted to the alkaline side. 

The abox'e c.xphmation, that ozonized olive oil 
after prolonged contact with water shows an ap- 
parently greater concentration of active oxygen than 


the original s,ample, is also supported by anuth.r 
observation. The kinetics of the reaction eniplovol 
in the anabtical procedure indicate that it is neithi; 
of the first nor of the second order. This means tint 
the results are affected by some factors other thi", 
the concentration of either ozonide or Water, fix- 
glacial acetic acid and hydriodic acid arc presc.-.t 
in such excess that their influence upon the rate el 
the reaction can be neglected. One must, IherefaT, 
conclude that several reactions proceed at the simo 
time. 

The experiments which are summarized in Table 
II give some information as to the rate of decom 
position of ozonized olive oil in contact with water 
iind at different />H. There are, however, scvcril 
other factors which, in the practical apjilicatiaa, 
might influence this decomposition. Since the 
chemical .structure of the ozonized oil still resenibl.N 
that of fats, the possibility of an enzymatic cleav.itt 
w.as of importance. Furthermore, since the prol 
uct is recommended as a wound dressing, the ques- 
tion arose whether or not surface active forces on cell 
membranes .and tissue surfaces might influence llic 
reaction. 

Table III contains a summary of experiments sim- 
ilar to those described above where the water mo 
replaced by hemolyzed blood, coa.gulutcd hloml, 
scrum, or minced muscle tissue from healthy nils 
Of these substances, coagulated blood and semm 
do not alter appreciably the amoimt of avaiilahb- 
active oxygen remaining in the oil while hemolyzcil 
blood, .and especially muscle tissue, decrease this 
amount clearly. This becomes still more evident il 
one considers that the pH in both cases is slightly 
below 7 and the most comparable figures are those 
obtained with distilled water where the detectable 
amount of active oxygen had shown an increase. 
The results thus indicate clearly that under these 
conditions the decomposition of ozonized olive oil is 
actually accelerated by contact with either henio 
lyzcd blood or muscle tissue. 


Taolu III, — Amou.n’t of Activu O.xvoi:.-; i’-’ 
% (teAc) IN Ozq.NizED Olive Oil after 24 IIoi'ks 

CO.VTACT WITH BlOLOOICAL MaTBRIAI, 


Sample No. 

I 

— 7* 

Original Concentration 

0 77 

II .'O 

After Contact with : 
Distilled water 

0..S2 

0 (I t 

Hemolyzed blood 


II 72 

Coagulatetl blood 


(l.,SI 

Scrum 


(l,7.S 

Muscle ti.ssue 

().ri3 



Since it is possible that the final profliicts of the 
decomposition of ozonized olive oil, other than n.is- 
cent oxygen or hydrogen peroxide, might have sonic 
pharmacological action of their omi, they shall Iw 
mentioned briefly. The following li-t contain* 
under 1-4 the 2 aldehydes and 2 acids which will lie 
formed upon the decomposition of triolein o/onid'-. 
Since olive oil contains up to 107r linoleic.icid w hi- i' 
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is also able to form an ozonide, the corresponding 
decomposition products are included under numbers 
5-9. In this tabulation, the possible existence of 
glycerylesters has been disregarded. 

1. Pelargonaldehyde 

2. Pelargonic acid 

3. u-Formylcaprylic acid 

4. Azelaic acid 

6. Caproaldehyde 

6. Caproic acid 

7. M^onaldehyde • 

8. Formylacetic acid 

9. Malonic acid 


DISCUSSION 

All these observations have one fact in 
common, namely, that certain saturated 
mono- and dibasic aliphatic acids can have a 
stimulating effect on living cells and several 
such acids are formed when ozonized olive 
oil is hydrolyzed in the presence of water. 

The implications to the present study are 
obvious. Several clinical and laboratory 


Table IV. — Stability of I'arious Ozomized Oils 


•Active Oxygen * 

In % of Initial Concentration FreeAcids in Millimole./Gm. 


Ozonide of 

Initial Concentration 

in % («'/«') 

2“ 

after 8 WV. at 

22 

35® 

Freshly 

Ozonized 

After 8 Wk. 
at 22® 

Olive oil 

3.52 

92 

82 

60 ■ 

0.71 

1.17 

Corn oil 

4.78 

88 

77 

48 



Peanut oil 

7.53 

100 

92 

44 

2.20 

3.7o 

Peanut oil 

3.99 

100 

95 

60 

1.13 

2.35 

Persic oil 

4.24 

90 

72 

46 

0.74 

1.09 

Triolein 

6.86 

91 

80 

■ 58 



Ethyl oleate 

9.71 

95 

85 

46 

9.02 

13.34 

Ethyl oleate 

3.78 

95 

88 

58 

3.75 

3.92 


All these compounds have been found actually as 
decomposition products of oleic acid ozonide and 
linoleic acid ozonide by various investigators (14). 
Compounds 1, 2, 5, and 6 belong to the group of 
saturated fatty acids and their aldehydes while the 
others are dibasic acids and their aldehydes. This 
distinction is important because these 2 groups have 
quite different biochemical and physiological proper- 
ties. 

Kisch (15) studied the influence of the sodium 
salts of low molecular fatty acids on cell metabolism 
of different tissues, and found that they provoke a 
slight increase. However, his experiments went 
only as far as oenanthic acid. D’Alessandro and 
Petrucci (16) found that several fatty acids, among 
them pelargonic acid, ivill increase considerably the 
glycolytic ability of red blood cells. Mention 
should also be made of the observation by Carruthers 
concerning the inhibiting action of heptyl aldehyde 
on carcinogenic substances (17). 

There are several publications with regard to spe- 
cific actions of dibasic acids. J. H. Mueller (18) was 
able to isolate from liver extract a substance which 
stimulated the growth of diphtheria bacilli in con- 
centrations as low as 1 part in 200 million. He 
could identify this substance as pimelic acid which 
is a lower homolog of azelaic acid. He also tested 
azelaic acid and other simple dibasic adds, but 
found none effective. English, Bonner, and Haagen- 
Smit (19) in their study of the so-called wound 
honnones of plants found that saturated dibasic 
acids with 8 or more carbon acids, which include 
azelaic acid, are able to induce renewed growth in 
mature plant cells.’ 


•These substances should not be confused with pWnt 
KTowth substances which only accelerate the normal ae- 
velopmcnt and KTOwtli. 


observations have indicated tliat ozonized 
olive oil promotes the normal wound healing 
process. The above-mentioned investiga- 
tions could give one possible explanation of 
this observed action. In addition, ozonized 
olive oil also has considerable germicidal ac- 
tivity which will be described in a subse- 
quent paper. 

The fact, that the decomposition products 
of ozonized olive oil are acids or of an acidic 
character, should not prove objectionable to 
the use of this compound in wounds. It is 
known that tlie wound secretion must be 
acid before the proper healing process can 
take place (20), because an acid reaction of- 
fers better resistance to invading organisms. 
Some investigators even believe acidity 
acts as a stimulus to formation of primary' 
mesoblastic tissue and a growth of granula- 
tion and accelerated wound healing (21 ). 

In addition to olive oil several tests were 
made with other vegetable oils (coni oil, 
peanut oil, persic oil) as well as with sjmthc- 
tic products (ethyloleate and triolein). The 
formation of the ozonides proceeded equally 
well in all cases. There are some variations 
in the stability but tliey are not significant 
(Table IV). Of some importance, however, 
is rile fact that the disagreeable odor which 
Ac ozonides^ of vegetable oils develop in 
time was le^t offending in olive oil. The 
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cthylolcatc ozonicle Avas quite difTcrent. 
The odor is ratlier inconsjiiciiotis and the 
product is noticeably less viscous than the 
other iiiA'CStigated ozonides. 
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Organic Ozonides as Chemotherapeutic Agents. II. 

Antiseptic Properties* 

By GEORG CRONHEIMt’J 


The pcrraicidal properties of triolein ozo- 
nide in the form of ozonized olive oil have 
been investigated. Ozonized olive oil in 
vitro is baaericidal to Staphylococcus aureus, 
Staphylococcus albus, and Streptococcus hemo- 
lytiats and fungicidal to Trichophyton menta- 
grophytes, Trichophyton purpureum, Micro- 
sporon audouini, and Microsporon lanosum. 
Against Monilia albicans it is only fungistatic. 

T N A preatous paper (1) it had been shoAvn 
tliat ozonized oHa-c oil decomposes in the 
presence of water into peroxidic compounds 
including hydrogen pcro.xide as well as ali- 
phatic aldehydes and acids. Since pcro.xidcs 
arc known to have antiseptic properties, and 
since recent studies by Keeney and co-work- 
ers (2) ha\-e shown the fungicidal and fungi- 
static action of \-arious fatty acids, such as 
propionic, caprylic, and undccylenic acids, it 
seemed of interest to iuA'cstigate the action 
of ozonized oli\’e oil on bacteria and fungi. 
Some experiments about the bactericidal 
properties of ozonized oHa'c oil ha\'c been 
reported by Ste\'cns (.3). 

The following organisms were included in 
the present study; Staphylococcus aureus. 
Staphylococcus albus, Streptococcus hemolyii- 

• R«rrivtd Feb. 10. 1947. from the Re^rarch Laboratories 
of The G F. Harvey Company. .Saratoga Sprin?>. N V. 

T I'went adtlreis The S. F., Company. Bristol, 

Z The author is preally irrdehtrtl to Mrs f). C- Peurl (or 
aid in this work. 


ctis. Monilia albicans, Trichophyton incnia- 
grophytes, Trichophyton purpureum, Micro- 
sporon audouini, and Microsporon lano- 
sum. The procedures employed were the 
agar-plate-cup and the agar-plate method 
using nutrient agar, blood agar, blood agar 
base, or Sabouratid’s agar. The rcsulLs Avere 
CA’aluated by measuring the width of the 
clear agar zones from the cup to outer margin 
of tlie zone. 

EXPERIMENTAL 

The action of ozonized olive oil on the invcstiKalerl 
bacteria is definitely bactericidal (Table I). Con- 
trol experiments with both fresh olive oil' and triolein 
showed neither bacteriostatic nor bactericid.al aetioti 

As can be e.xpccted, tlie bactericidal action will be 
iiiflaenced to a certain extent by the siirroiindiin; 
inedinm. If there are substances present winch will 
react easily with active oxygen, the bactericidal 
action of the oil , will be reduced. This can be 
visibly demonstrated in bloofl agar plates where a 
colorless zone of about 1 mm. is always formial on 
contact with ozonized olive oil. 

The relationship between tlie amomit of av.iil.iblc 
active oxygen and the bactericidal clTcct is .shown in 
Table If. From these figures it can be seen that a 
partly ozonized olive oil is the mrrst suitable product 
for topical use. It combines the greatest b.iclen- 

1 The fad that elivr oil occasionally shows a writ I'le- 
terio^talic and even bactrncidal efTrct due to trie 

pre“.ence of oleic aeirl ptroiidei which are formeij on pro* 
lonretl rxpOAure to air. Th'-ie peroxidei can deterir* 
and e<timate(J in the •ime minn'^r ax oxonide-i. 
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Table I.— Agar-Cup-Plate Tests Using 4 Drops of Ozonized Olive Oil Containing 1% by Weight 

OP Active Oxygen 


OrgaQtsm 

Staph, aureus 
Staph, albus 
Strept. hemol. 


— Zone in Mm, after 24 Hr. Using — 

Blood Agar 

Nutrient Agar Base Blood Agar 


8-9 6-7 2 


&-7 

10-12 5-8 2-3 


Subplating Tests 


Total No. 

ShoTdns: 

Growth 

No growth 

IS 

I 

17 

10 

0 

10 

27 

6 

21 


cidal power with the deepest penetration. Higher 
concentrations of triolein ozonide are of no advan- 
tage because the oil becomes too viscous while lower 
concentrations are less effective. 

The experiments in the bottom line of Table II 
were made with a sample of ozonized olive oil which 
was about two years old and had lost more than half 
of its original active oxygen content. The amount 
of decomposition products had correspondingly in- 
creased. The figures show that the bactericidal 
action of the sample is weaker than that of freshly 
made oil with the same active oxygen content. This 
indicates that decomposition products do not con- 
tribute noticeably to the bactericidal action of 
ozonized olive oil. 

It is obvious that ozonized olive oil does not act 
instantaneously upon contact like the protein pre- 
cipitating antiseptics hut requires some time for 
the decomposition of the ozonide and liberation of 
active oxygen before affecting the organism. In 
order to test this time factor, small pieces were cut 
out from the innermost and outermost part of the 
clear agar zones' and were subplated separately. 
The results shown in Table HI are conclusive. The 
inner zone where the oil penetrated first and had the 
longest time to act upon the bacteria, was com- 


Table II. — ^Agar-Cup-Plate Tests Using 2 and 4 
Drops, Respectively, of Ozonized Olive Oil 
Containing Vasious Amounts of Active Oxygen 



Active 

* Zone in Mm. after 24 Hr. — -- 

Slaph. aureus Slaph. albus 

2 Drops 4 Drops 2 Drops 4 Drops 

Material 

of Oil 

of Oil 

of Oil 

of Oil 

Freshly 

2 


13-16 


10-12 

prepared 

1 

10-11 

13-16 

10-12 

16-17 

ozonized 

0.5 

6-8 

8-10 

2-i 

6-8 

olive 

0.25 

2 

4-5 

1 

2-3 

oU 

2-year-old 

0.125 

1 

1-2 

0 

1 

sample 

0.4 

2 

3-4 

1-2 

d— 4 


Table III.— Agar-Plate-Cup Tests Using 4 
Drops of Ozonized Olive Oil Containing 1% 
by Weight op Active Oxygen 


Growth in Subplating Tests 
Samples Taken From 
Innermost Outermost 


2-1-Hf. Broth 


Part of 

Part of 

Culture of 


Clear Agar 

Clear 

Staph, aureus 

24 Hr. 

Zone® 

Zone® 

Undiluted 

fK7 


+, +.+ 

Diluted 1:10 

8-9 



Diluted 1:100 

11-12 

— . — r “ 

4 -, "i"» + 


° Each -t- or — sign represents the result of a separate sub- 
plating test. 


pletely sterile, while in the outer part of the clear 
agar zone the action was only bacteriostatic. The 
same table also shows that the number of organisms 
present is an additional factor affecting the action 
of ozonized olive oil, as evidenced by the varying 
widths of the zones. 

In considering an antiseptic from a practical 
clinical standpoint. It is important to know whether 
the agent is able to loll bacteria after they had a 
chance to grow and multiply. In order to test for 
this condition, agar plates containing bacteria were 
incubated for a given time before the ozonized olive 
oil was added. The results (Table IV) show a vef 3 ' 
definite though decreasing effect up to a preiiicuba- 
tiou time of six hours. 

Table IV. — Agar-Plate-Cup Tests in Which 4 
Drops of Ozonized Olive Oil Containing 1% 
by Weight of Active Oxygen Were Added after 
Varying Preincubation Times 


Premeubatioa 

A— Zone in 

Mm. 24 Hr. after Adding-— t 
Oionized Olive Oil 

time, Hr» 

Staph, aureus Staph, albus 

Strep, hemoh 

1 

4 

4 

3 

2 

4 

3 


3 

4 

2-3 

2-3 

4' 

3-4 

2 

1 

6 

1-2 

0 

0 

8 

0 

0 

0 


The fungi which were tested in this investigation 
are Monilia albicans. Trichophyton utcntagrophytcs, 
Trichophyton purpurcum, Microsporon audoilini and 
Microsporon lanosnm. The first three were selected 
because they are some of the most common organ- 
isms in epidermophytosis (4), while the latter two 
are the causative agents in ringworm of the scalp. 
The results are summarized in Table V. 

Under the tested conditions, ozonized olive oil 
has a strong fungicidal action against Trichophyton 
-purpurcum. Trichophyton mcntagrophylcs, Micro- 
sporon audoilini, and Microsporon lanosum. Against 
Monilia albicans it has only fungistatic action. 

Since the growth rate of tlie fungi used in these 
experiments is comparatively low, the time effect 
might be of considerable importance. Therefore, 
a series of experiments was made like tho-e with 
bacteria. Agar plates containing the fungi were 
incubated until an abundant growth was present. 
Then the plates were covered completely witli 
ozonized olive oil, and incubated for a period ranging 
from twenty-four to seventy-two hours. After this 
time, samples were taken out, freed from the oil, 
and transferred to new sterile plates. The results 
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Taiii-F V. — Ar.AR-PLATE-Cur Tests Using 4 Drops 
or OioNiTEri Olive Oil Containing l^r nv Weight 
or Active Oxygen 



InciiliAlion 
Time. Temp . 

Zone. 

Sul>- 

pKitini; 

Otj ani'm 

Hr 

° C. 

Mm 


clhtciiKS 

4-S 

20 

■1-5 

-t- + -f 


4S 

20 

3-1 

+ + + 
4-4-4- 


4S 

20 

3-4 

4" -4- 4" 
+ + + 

Truknphytoi: 

If.S 

20 

10-lS 

-f -h + 

'c_ropk\irs 

Of) 

2.') 

l.S 23 

— — — 


72 

2.5 

20-24 



72 

2.0 

10-20 

- + -1- 

TrichophytoJ] 

240 

20 

19-24 

- + + 

purpurfum 

ICS 

25 

18-23 



120 

25 

12-17 

— — — 


72 

25 

14-10 

_ _ 

Mxcrosporoti 

90 

35 

18-23 ‘ 


nudouiv.i 

90 

35 

22-20 


Mnro^poTon 

90 

35 

8-11'’ 


latjosuvi 

90 

35 

11-15 

. , 


* Each 4- or — siRd represents the results of a separate 
siihpIatinK test Samples for the upper .T tests of each series 
Merc taken from the innermost anti those for the lower 3 
tests from the outermost part of the clear zone 
t Only 2 drops of ozonized olive oil used 

.IS shotni ill Tatile \T arc again vcr>' utiiform. The 
ozoiiizcti olive oil will, under these conditions, kill 
completely all the investigated fungi with exception 
of .lfpzii7iti albicans. Control samples in which olive 
oil w.'LS tised instead of the ozonized oil shotted in 
all cases abimdant growth of the organism. 


DISCUSSION 

From tlie foregoing experiments, it is ap 
parent tliat ozonized olive oil has consitk-r- 
able gennicidal iiotency. .Although it shares 
tin’s property With a great immber of other 
chemical componnds, it is quite unique in 
various respects. 

Triolein ozonide itself is lipoid soliilile 
while its decomposition products arc water 
.soluble. In addition it has a low siirfaee 
tension and docs not dry out thus ])rcvciitiiii; 
an}' caking or crusting if applied toiiically. 
Therefore, one can c.xpect that ozonized 
olive oil is able to penetrate to places which 
are inaccessible to many other antiseptics. 
It is apparently this combination of phy.sical 
and chemical properties which accounts to a 
large c.xtent for the numerous beneficial 
clinical results some of which have already 
been reported [Grecnbcrger and Helfert (fi), 
Barrows (0), Sharlit (7)J. 

It has been mentioned that the bacteri- 
cidal action of ozonized olive oil is cine 
mainly to the active (nascent) oxygen which 
is formed on decomposition of the ozoiiidc.v. 
Undoubtedly, this active oxygen plays also 
an important role in the fungicidal activity 
of this material. In addition, however, one 
must also consider two of the dcconqiositioii 
products of ozonized olive oil, via., pelargonic 
and caproic acid. The latter has been shown 
by Keeney, cl al. (2), to have fungistatic and 
fungicidal properties against a variety of or- 
ganisms. More important because it is [ires- 


Table \T. — .Agar Plates Covered with Ozonized Olive Oil and Olive Oil, Respectivelv, 
After Varying Preincudation Tijies 



Incubation Time 

in Hours 

Growth in StibplntinK TciM* 
When the Snu^ttince Wat 

Orcanism 

Hefore After 

zNdcling Te^t Substance 

Ozoniretl 

Olive Oil 

(Ilivr Oil 

.\fot!s{ia albicans 

24 

24 

-k + + 

4 4 4 


24 

48 

4-4-1- 

4- 4- 


24 

72 

4- 4- 4- 

4- + 4- 

T richoph^ tor. vientagrophylrs 

48 

24 

— — — 

4 — f' 4 


•IS 

72 

— 

H — f' "t' 

Trirhophy'.or. purpurea ru 

72 

21 

— — — 

-i- 4- 4- 


72 

■ 48 

— — — 

-k 4- 4- 


• 72 

72 



-k 4- k 

Miercsp.'rcrr. aulouir.i 

90 

21 

— — _ 

4 4-4- 


90 

48 

_ _ — 

4- 4- -k 


90 

72 

— 

4- 4- 4- 

Micrc^.pcrcr. lar.osutr. 

‘•0 

21 

— — 

4* 

fv; 

4S 

— 

-k 4- 4- 



72 

— 

4 4 4- 


" F!ach th** of a H4*fr-iratr itinff 
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ent in greater quantities is pelargonic acid. 
In very recent investigations Rothman and 
co-workers (S) have found that this acid is a 
normal constituent in hair fat of adults while 
it is apparently lacking in children. Fur- 
thermore, pelargonic acid has a strong fun- 
gicidal activity against Microsporon au- 
douitii. Based on these findings the authors 
postulate that the absence of the ringworm 
of the scalp in adults is due to the appearance 


of pelargonic acid in hair fat during adoles- 
cence. 
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Microscopic Description of the Antihistamine 
Substances Benadryl and Pyribenzamine* 


By GEORGE L. ELEENANt 


The opucal crystallographic properties of 
benadryl and pyribenzamine have been 
described, together with significant micro- 
chemical reactions with platinic chloride 
reagent. 


P)rribenzamine hydrochloride- is N'- 
pyridyl-N '-benzyl-N -dimethylethylene di- 
amine hydrochloride ; 


CHj- 


B enadryl and pyribenzamine have both 
aroused considerable interest in clinical 
medicine as antihistamine substances. It is 
known that histamine is normally present in 
most of the organs which display allergic 
manifestations and its presence accounts for 
many of the symptoms of allergic reactions. 
Considerable work has been done and re- 
ported (1^) on the effects of a series of com- 
pounds with respect to their interference 
with the aetion of histamine. 

The purpose of this report is to place on 
record the results of a microscopic study of 
these two compounds, applying the technic 
of the immersion method as well as micro- 
chemical tests. 

BenadryB is /3-dimethylaminoethyl benz- 
hydryl ether hydrochloride; 


^■7 

^C— O— CH-CH-NCCH,)- • HCl 

o ■ 


•Received Jan. 8, 1947. „ , 

rresented to the A. A A. S . Boston meeting, Uecembf 
28. 194G. 

t Formerly Microanalyst, Food & Drug AdininistratiOi 
present address, Strongsville, Ohio. • ^ r> 

' Furnished through the courtesy of Parke, Davis cc Lon 
pany, Detroit, Mich. 


/CH; 

N-CH:-CH5-N<^ 

N 


CHj 


.HCl 


Both of these compounds are suitable for 
optical and microchemical study, showing 
many distinctive features that are useful for 



* Furnished through courtesy of Ciba Pharmaceutical 
Products, Inc., Summit, K. J. 
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riintrnos'is. For the optical cn.'stallogTaphic 
study, the immersion method -with the 
[)o]ari?ii!g microscope ivas used. Tlie micro- 
chemical tests were made by dissolving the 
respective compounds in a suitable men- 
struum, then drawing in a drop of the appro- 
Iiriate. reagent. For the significant micro- 
scopic characters, the optical ciy'Stallo- 
graphic constants first will be given, followed 
bv a description of the microchcmical tests. 

nXPERIMENTAL 

Benadryl. —Benadryl consists of .a wliitc crystal- 
line substance, quite soluble in ivater and alcohol 
and stable under ordinnr3’ conditions. 

Jr, ordinary lif^hl: Colorless, most frcqnentlj' in 
si\-sided plates with lengthwise cleavage (Fig. 1). 

Refract iro indices: a — 1.G02, /3 = 1.025, -y = 
l.r>."0, all a 0.002. Mo-it plates show o lengthwise 
and ^ and a crosswise (Fig. 2). 

In piirallel polarised Ii"ht (crossed nieols): Extinc- 
tion is parallel and the sign of elongation is negative. 

In eonverpent polarised light (crossed nieols): Bi- 
axial bnt only flash interference figures arc shown, 
ftptic sign ( — ) 



I )>I.0.20 (y) 

Fig. 2 — Benadryl (orientation). 

Microchcmical Test . — significant microchemical 
test for tienadryl is platinic chloride reagent (5 Gm. 
of If-PlClv01f:O in 100 ml. of lf:0). The most 


convenient methotl for making the test is by ih.. 
solving approximately 0.5 mg. of the matcrul in ,s 
drop of water on an object slide, then drawing in .a 
drop of the platinic chloride reagent. Gradually X- 
shapenl aggreg-.ites of very thin blades or leaMiVr 
stmetnres are produced. These blades show a lin,- 
p.i.ssing through the center, the general nppcaninoe 
of the structure simulating that of a leaf with midrili 
Due to the thinnc.ss of the blades, the polariration 
colors are not at all brilliant (Fig. o). 

Pyribenzamine. — PjTibcnzamine hydrochloride 
consists of a white, crystalline powder, the habit of 
the fraginents not being significant. It is very solu- 
ble ill water and when crystallized from a concen- 
tr.atcd drop on an object slide shows many rectangu- 
lar plates and prisms exhihitiiig striking inlerfcrencr 
colors with crossed nieols. 



Fig. ‘1 — Pyribenzamine with Platinic chloride. 



Refractive indices: n = 1..5S0, /3 = 1.05.5, 7 
1.705, all * 0.002. All of the indices are re.ulil)' 
found on the substance. 

In parallel polarised light (crossed nieols): It i' 
char.actcristic of the substance that many fragment'' 
do not extinguish sharply. 

In convergent polarised light (crossed nieols): Ih- 
axial, optic axis figures being conmionly sliowii. 
Optic .sign ( — ). 

Microcheinicnl Test. — With platinic chloride re- 
agent, pyribenzamine forms dense rosettes and 
sheaves of small roils or blades. The reagent i> 
dniwn into the test-drop (about 0..5 mg. in a drop of 
water) on an object slide, whereupon the char.icter- 
istic aggregates form (Fig. -I). . 

RFFFRFNChS 

(I) J. I'hirm.irol , 83, l'JO-eo(I!l|.';). 

|gl Scirnci-. 102, o'! 011101.',). , . 

['il J'fi'C Aferiinff Sfayo Clinic, 20, No. 

(I'Jli) ( 10 reffrener^), 

(J) J. Am 132, 


Fig. 3 — Benadryl with Platinic chloride. 
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Studies on Alcohol-Soluble Fungistatic and Fungi- 
cidal Compounds. I. Evaluation of Fungistatic 
Laboratory Test Methods* t 

By KURT A. OSTER and MILTON J. GOLDEN 


The two principal methods for the deter- 
mination of fungismsis have been compared 
and their limitations noted. From the dosage 
response curves gained by this study a new 
expression is suggested, the "activity coeffi- 
cient,” to denote degree of fungistatic ac- 
tivity exhibited by a substance. Ten com- 
pounds extensively employed in the therapy 
of dermatophytosis have been tested with 
Trichophyton mentagrophytes, and their rela- 
tive potencies have been determined. 


"Durlingame and ^Reddish in 1939 (1) 
brought the subject of laboratory test- 
ing of fungistatic and fungicidal substances 
up to that date and suggested a new test 
method, following in principle the serum 
agar-cup-plate technique described in the 
U. S. Department of Agriculture Circular 
No. 198 (2). However, aside from the state- 
ment that their findings ran closely parallel 
with clinical observations, this paper made 
no mention of actual controls or of any limi- 
tations in their method. Schamberg and 
Kolmer (3) had suggested in 1922 a fungi- 
static test method to which Burlingame and 
Reddish objected, claiming that it did not 
simulate clinical conditions. 

In 1945 the Council on Pharmacy and 
Chemistry of the American hledical Associa- 
tion issued a report (4) in which it was de- 
clared lu-gent that a standard test for fungi- 
static and fungicidal substances be estab- 
lished. Use of the fungicidal test known as 
tlie phenol coefficient test for disinfectants 
and antiseptics, as modified by the American 
Public Health Association subcommittee, 
was suggested. However, it was noted that 
the test is meaningful only for surface 


‘Received March 29. 1947, from the Research Lahora- 
tones of McKesson & Robbins, Incorporated, Bridgeport, 
Conn. 

, Presented in part before the Divdsion of Biological Chem- 
istry of the American Chemical Society at it.s sctniannuai 
mceling, Atlantic City, NJ., April, 39-10. 

t A recent publication by Hillcga.s and Camp (10) on tne 
Icsling of fungicides insoluble in water carac to our attention 
after the initiation of this n-ork. These nuthors express ideas 
on the Comparative measurement of fungistatic compounos 
which are similar to those propounded in our present 
Ilowcver, their suggested "pcnicup" method for dclcrimning 
fungistasis was not reproducible in our hands. 


growtli, such as “testing the action of fungi- 
cides on floors and tlie like.’’ , Furthermore, 
it was stated that the problem of testing 
nonwater-soluble products presents even 
greater difficulties. 

In view of the unsettled status of these 
test procedures, it was considered a desirable 
undertaking to subject to critical laboratorj^ 
evaluation the principally used alcohol-sol- 
uble compounds for the therapy of foot der- 
matophytosis and also the existing test metli- 
ods by which the comparative fungistatic 
potencies of these compounds are assayed. 

METHODS 

Following are the outlines of the methods used : 

Burlingame and Reddish (1). — Solutions are 
tested by the agar-eup-plate technique. The serum 
agar is prepared by adding 2 cc. of sterile nonnal 
horse serum to 18 cc. of Sabouraud's agar, which has 
been melted and cooled to 40°. The agar is poured 
into a 9-cm. Petri dish, and, when hardened, the 
entire surface of each plate is streaked with a ten- 
day-old culture of Uie test organism. A 2-cm. cup 
is cut from the center of the plate with a sterile cork 
borer, and approximately 0.8 cc. of tlie test fluid is 
pipetted into the cup. The plates are then covered 
with unglazcd clay tops to prevent condensation 
and incubated for five days. The fungistatic ac- 
tivity of a given compound is indicated by a cleared 
zone around the cup. Solvent controls with 95% 
alcohol accompanied each series of determinations. 
The fungistatic effect of the alcohol in this test 
method was found to be minimal. 

Modified Burlingame and Reddish (5). — A modi- 
fication of the agar-cup'platc technique has been sug- 
gested by substituting iucorporation of a ten-day- 
old coaidial suspension in the ag.ar for the procedure 
of streaking a fungus culture on tlic surface of the 
agar plate. A l<c. .suspension of approximately 
five million spores from a tcn-<lay-oId culture, 
counted in a hacmocylometcr and diluted 
with saline, is thoroughly mixed rvitli 1,5 cc. of 
Sabouraud’s agar, which liad been melted and cooled 
to 40°. An alcoholic solution of the test sub- 
stance is pipetted into a 2-cra. cup, cut and removed 
from the center of the Iiardcncd agar. The plates, 
coverexi witli porous cl.ay tops, arc incubated 
for tlG hours, at which time the dear zone around 
the cup, indicating inhibition of growtJi, is mc.isurcdi 




I' IK- 1.— Dosage and fungistatic 
of salicjdic acid and benzoic acid. 


% CONCENTRATION 

response curves of tliree species of fungi with increasing concentrations 


Schamberg and Kolmer (3).— This method for dc- 
icnnining the fungistatic cfTcct of water-soluble sub- 
stances has been so modified as to be applicable to 
alcohol-soluble compounds without violating its 
underlying principles. In view of the fact that alco- 
hol itself i)ossesscs minor fungistatic properties, it 
was necessary to limit the quantity of alcohol in- 
corporated in the agar to 0.1 cc., an amount which 
exerted no noticeable fungistasis. Plates were 
poure<l. each containing 20 cc. of Sabouraud’s agar 
into which O.I cc. of an alcoholic solution of the 
test substance had been incorporated, thereby dilut- 
ing by two hundred times the original concentration 
of the test substance in alcohol. The surfaces of the 
plates were streahed with a ten-day-old culture of 
the test organi-m. and the plates were incubated for 
two wc-cl;s, after which time the presence or absence 
of growth was noted. The highest dilution of the 
test material which completely inhibited the growth 
<if fungi after a two-week incubation period was 
regardeel as tlte critical fungistatic dilution. 

Tile :! fungi commonly associated with dennato- 
phytosis of the human foot. Epiilrririnphylor. ir.- 
r,:iir.aU, Trithnphyinn purpureut". and Trichophyton 


tueiilnjtrnphylcs (T. inlerclijtitalr, T. ftypsriim), were 
first tested individually. T. mentn^rophytes (join 
hnimons) was later chosen as the sole test organism 
The incubator temperature for all tests was 2S° 

* 1 Stock cultures of the fungus were stored on 
maltose agar slants at 2-.'j°. At intervals not longer 
than one month transfers were made to fresh agar 
slants, incubated at 28° for at least ten days, .and 
placed in storage at 2-.'j° until the nc.xt transfer 
period. It was ascertained with the phenol ccK-lli- 
cienl technique (0) that a spore suspension of a ten- 
•lay-old culture of T. inciiliiitrnphyli’S was killed after 
conbact with phenrd for ten minutes at a concentra- 
tion of 1 :(j0 and not by a concentration of I :.80. 

The following 10 active compounds coninionly 
used in the therapy of •lermatophytosis were 
choseti for stmly ; benzoic acid, salicylic acid, phenol, 
resorcinol, cresol U. .S. P., metacresylacetate, thy- 
mol. chlorolhyrnol, iiropionic acid, and undecylenie 
acifl.t Of the Itt.'l marketed athlete's ffK>t remedies 
with •Ualared formulas, as colh eted by Unden'.aKel, 

* UfS'!crjJenic acjrJ •.iippli'-tl hy iJr. 

Tirman Inc.. iJ-'IlcviIl?. N*. J. 
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d al. (7), 76 contained as active ingredients from 1 
to 4 of these compounds under test. 

RESULTS 

Using 5 determinations for each organism and for 
each concentration with the Burlingame and Red- 
dish method, reproducible inhibition zones for the 
evaluation of the fungistatic action of the above- 
mentioned compounds have been obtained in a range 
of critical concentration. The inhibition of growth 
around the cup was measured in millimeters from the 
edge of the cup to the periphery of the cleared zone, 
and averages of the 5 measurements of these radius 
segments were calculated. 

Approximately 400 individual determinations were 
made with various concentrations of the 10 com- 
pounds. It was established that the fungistatic 
values obtained with the examples of salicylic acid 


and benzoic acid for the 3 test organisms, T. menta- 
grophyles, E. inguinale, and T. purpurcuin, 
ran closely parallel. In subsequent tests T. 
mentagrophyles (#640 Emmons) was chosen as the 
representative test organism to save time and to 
reduce the number of tests. It was assumed that 
E. inguinale and T. purpurcuin would give with the 
remaining S compounds values approximating 
fairly closely those of T. mentagrophyles. 

It was observed that the cleared zones exhibited 
the greatest variations with either very low or verj' 
high concentrations of the test substance. I’alues 
falling between the 2 extremes never deviated more 
than ± 1 mm. Typical dosage response curv’es were 
obtained by plotting the radius segments of clear- 
ance against the respective concentrations. These 
findings are shown in Figs. 1 and 2. The shape of 
each curve was determined by at least 5 points at 
various concentrations. In some instances only a 
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Fig. 1.— Dosage and fungistatic response curves of three species of fungi with increasing concentrations 
of salieylic acid and benzoic acid. 


Schamberg and Kohner (3). — This method for de- 
termining the fungistatic effect of water-soluble sub- 
stanees has been so modified as to be applicable to 
alcohol-soluble compounds without violating its 
underlying principles. In view of the fact that alco- 
hol itself possesses minor fungistatic properties, it 
was necessary to limit the quantity of alcohol in- 
corporated in the agar to 0.1 cc., an amount which 
exerted no noticeable fungistasis. Plates were 
poured, each containing 20 cc. of Sabouraud’s agar 
into which 0.1 cc. of an alcoholic solution of the 
test substance had been incorporated, thereby dilut- 
ing by two hundred times the original concentration 
of the test substance in alcohol. The surfaces of the 
plates were streaked with a ten-day-old culture of 
the test organism, and the plates were incubated for 
two weeks, after which time the presence or absence 
of growth was noted. The highest dilution of the 
test material which completely inhibited the growth 
of fungi after a two-week incubation period was 
regarded as the critical fungistatic dilution. 

The 3 fungi commonly associated with derraato- 
ph'ytosis of the human foot, Epidemwphylon in- 
guinale. Trichophyton pnrpureum and Trichophyton 


mentagrophytes {T. interdigitale, T. gypsetim), were 
first tested individually. T. mentagrophytes (fMO 
Emmons) was later chosen as the sole test organism. 

The incubator temperature for all tests was 28 
± 1 ". Stock cultures of the fungus were stored on 
maltose agar slants at 2-5 °. At intervals not longer 
than one month transfers were made to fresh agar 
slants, incubated at 28° for at least ten days, and 
placed in storage at 2-5° until the next transfer 
period. It was ascertained with the phenol coeffi- 
cient technique (6) that a spore suspension of a ten- 
day-old culture of T. mentagrophytes was killed after 
contact with phenol for ten minutes at a concentra- 
tion of 1 : GO and not by a concentration of 1 : 80. 

The following 10 active compounds commonly 
used in the therapy of dermatophytosis were 
chosen for study: benzoic acid, salicylic acid, phenol, 
resorcinol, cresol U. S. P,, metacresylacctate, thy- 
mol, chlorothymol, propionic acid, and undccylcnic 
acid.* Of the 103 marketed athlete’s foot remedies 
with declared formulas, as collected by Underwood, 


* Undecylenic acid supplied by Dr. L. Reiner, Wallace & 
Tiernan Products, Inc., Belleville, N. J. 
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et al. (7), 76 contained as active ingredients from 1 
to 4 of these compounds under test. 

RESULTS 

Using 5 determinations for each organism and for 
each concentration with the Burlingame and Red- 
dish method, reproducible inhibition zones for the 
evaluation of the fungistatic action of the above- 
mentioned compounds have been obtained in a range 
of critical concentration. The inhibition of growth 
around the cup was measured in millimeters from the 
edge of the cup to the periphery of the cleared zone, 
and averages of the 5 measurements of these radius 
segments were calculated. 

Approximately 400 individual determinations were 
made with various concentrations of the 10 com- 
pounds. It was established that the fungistatic 
values obtained adth the examples of salicylic acid 


and benzoic acid for the 3 test organisms. T. menta- 
grophyles, E. ingttinalc, and T. purpurcitin, 
ran closely parallel. In subsequent tests T. 
menlagrophyles (#640 Emmons) was cliosen as the 
representative test organism to save time and to 
reduce the number of tests. It was assumed that 
E. inguinale and T. pnrpurcum would give ndththe 
remaining 8 compounds values approximating 
fairly closely those of T. menlagrophyles. 

It was observed that the cleared zones exhibited 
the greatest variations with either very low or verj' 
high concentrations of the test substance. \’alues 
falling between the 2 extremes never deviated more 
than 1 mm. Typical dosage response curx’es were 
obtained by plotting the radius segments of clear- 
ance against the respective concentrations. These 
findings are shown in Figs. 1 and 2. The shape of 
each curve was determined by at least 5 points at 
various concentrations. In some instances only a 
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Fig. 2.-Dosage and fungistatic response curves of T. menlagrophyles No. 640 with increasit.g concen- 
trations of various alcohol soluble compounds. 
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Fig. 1. — Dosage and fungistatic response curves of three species of fungi with increasing concentrations 
of salicylic acid and benzoic acid. 


Schamberg and Kolmer (3), — This method for de- 
termining the fungistatic effect of water-soluble sub- 
stances has been so modified as to be applicable to 
alcohol-soluble compounds without violating its 
underlying principles. In view of the fact that alco- 
hol itself possesses minor fungistatic properties, it 
was necessary to limit the quantity of alcohol in- 
corporated in the agar to 0.1 cc., an amount which 
exerted no noticeable fungistasis. Plates were 
poured, each containing 20 cc. of Sabouraud’s agar 
into which 0.1 cc. of an alcoholic solution of the 
test substance had been incorporated, thereby dilut- 
ing by two hundred times the original concentration 
of the test substance in alcohol. The surfaces of the 
plates were streaked with a ten-day-old culture of 
the test organism, and the plates were incubated for 
two weeks, after which time the presence or absence 
of growth was noted. The highest dilution of the 
test material which completely inhibited the growth 
of fungi after a t(vo-week incubation period was 
regarded as the critical fungistatic dilution. 

The 3 fungi commonly associated with derraato- 
phytosis of the human foot, Epidermophylon in- 
guinale, Trichophyton purpnreum and Trichophyton 


menlagrophytes {T. interdigitale, T. gypseum), were 
first tested individually. T. menlagrophytes (/GIO 
Emmons) rvas later chosen as the sole test organism. 

The incubator temperature for all tests was 28 
± 1 Stock cultures of the fungus were stored on 
maltose agar slants at 2-5 °. At intervals not longer 
than one month transfers were made to fresh agar 
slants, incubated at 28° for at least ten days, and 
placed in storage at 2-5° until the next transfer 
period. It was ascertained with the phenol coeffi- 
cient technique (6) that a spore suspension of a ten- 

day-old culture of T. menlagrophytes was killed after 
contact with phenol for ten minutes at a concentra- 
tion of 1 : 60 and not by a concentration of 1 : 80. 

The following 10 active compounds commonly 
used in the therapy of dermatophytosis were 
chosen for study; benzoic acid, salicylic acid, phenol, 
resorcinol, cresol U. S. P., metacresylacetate, thy- 
mol, chlorothymol, propionic acid, and undecylcnic 
acid.* Of the 103 marketed athlete’s foot remedies 
with declared formulas, as collected by Underwood, 

* Undecylenic acid supplied by Dr. L, Reiner, Wallace & 
Tiernan Products, Inc., Belleville, N. J. 
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d al. (7), 7C contained as active ingredients from 1 
to 4 of these compounds under test. 

RESULTS 

Using 5 determinations for each organism and for 
each concentration with the Burlingame and Red- 
dish method, reproducible inhibition zones for the 
evaluation of the fungistatic action of the above- 
mentioned compounds have been obtained in a range 
of critical concentration. The inhibition of growth 
around the cup was measured in millimeters from the 
edge of the cup to the periphery of the cleared zone, 
and averages of the 6 measurements of these radius 
segments were calculated. 

Approximately 400 individual determinations were 
made with various concentrations of the 10 com- 
pounds. It was established that the fungistatic 
values obtained rvith the examples of salicylic acid 


and benzoic acid for the 3 test organisms, T. mcnla- 
grophylcs, E. inguinale, and T. purpurcum, 
ran closely parallel. In subsequent tests T. 
mentagrophyles (j^40 Emmons) was chosen as the 
representative test organism to save time and to 
reduce the number of tests. It was assumed that 
E. inguinale and T. purpureum would give with the 
remaining S compounds values approximating 
fairly closely those of T. mentagrophyles. 

It was observed that the cleared zones exhibited 
the greatest variations with cither very low or very 
high concentrations of the test substance. Values 
falling between the 2 extremes never dewated more 
than =1= 1 mm. Typical dosage response curves were 
obtained by plotting the radius segments of clear- 
ance against the respective concentrations. These 
findings are shown in Figs. 1 and 2. The shape of 
each curve was determined by at least 5 points at 
various concentrations. In some instances only a 
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Fig. 2.— Dosage and fungistatic response curves of T. incnlagrophytcs Xo. G40 with increasing concen- 
trations of various alcohol soluble compounds. 
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portion of the curves is presented, because values 
in excess of 3% concentration were eliminated in the 
illustration. From tliese dosage response curves it 
appeared that all the substances tested exhibited a 
ceiling of activity. Once this ceiling had been 
reached, an increase in concentration did not induce 
a corresponding rise in fungistasis. 


i-teo,ooo 



Fig. 3. — Maximum dilution of alcohol soluble 
fungistatic compounds inhibiting the growth of T. 
mentagrophyles No. 640 on Sabouraud's maltose agar. 

Following the line of reasoning behind the estab- 
lishment of the Oxford unit for expressing penicillin 
activity (8), the introduction of dosage response 
curves in the determination of fungistasis might 
facilitate the evaluation of the fungistatic activities 
of compounds by expressing their respective activity 
coefficients. A standard of 5-mm. clearance at a 
1% concentration was arbitrarily chosen as the ac- 
tivity 1. Using T. mentagrophyles as the test 
organism, the concentration at which a compound 
exhibited 5-mm. clearance divided into the figure 1 
gave then the fungistatic activity coefficient of this 
particular substance. The values thus obtained 
were approximated to the nearest tenth and listed 
in Table I. Substituting molar concentration for 
per cent concentration, the position of propionic 
acid and undccylenic acid would be reversed in the 
table. The order of the other substances would 
remain the same. Substances which do not reach 
5-mm. clearance even in higher concentrations could 
not be evaluated by this method. They would 
also most likely fall short of any therapeutic useful- 
ness. 


Using the described modification of the Bur. 
lingame and Reddish technique (5), which requires 
incorporation of a couidial suspension with the 
agar, gave much the same results with the com- 
pounds as encountered with the original Burlingame 
and Reddish procedure of culture streaking. The 
zone of inhibiton of growth was slightly larger than 
that observed with the streaking method. Further- 
more, the cleared zone was almost a perfect circle, 
a result which was not always obtainable with the 
Burlingame and Reddish technique, ' However, these 
advantages were outbalanced by the inherent enm- 
bersoraeness of the method, which requires stand- 
ardization, counting, and continuous availability of 
a suitably aged spore suspension. This is extremely 
time consuming, especially in large-scale routine 
testing of substances. Sealing the cup was found to 
be unnecessary, provided the agar medium was not 
cracked, since equal inhibition was obtained with 
both sealed and unsealed plates. The greater 
clearance shown by this modification might be due 
to the absence of serum in the agar medium, which 
greatly inhibited the fungistatic action of certain 
chemicals. 

The more volatile compounds in our series, thymol, 
cresol, and metacresylacetate, were difficult to test 
with the Burlingame and Reddish technique. 
Thymol was finally eliminated from the scries due to 
unreproducible results. Undiluted metacresylacetate 
caused a whitish discoloration of the agar, and no 
growth was demonstrable, even when using sterile 
filter paper supports for the porous plates to enhance 
evaporation. Cresol U. S. P. and metacresylacetate 
in various dilutions up to 3% inhibited to a great 
extent the surface growth of the Trichophytons, so 
that with these compounds only subsurface develop- 
ment could be measured. Moreover, when using 
concentrations greater than 3%, it was impossible 
to obtain reproducible values with these compounds. 

Table I. — Activitv Coefficients of Alcohol- 
Soluble Fungistatic Compounds 

Activity 



% Cone, of Test Solution 

Coef- 

Compound 

to Give 5-Mm. Clearance 

ficient 

Chlorothymol 

0.0G25 

16.0 

Propionic acid . 

0.60 

1.7 

Resorcinol 

0.81 

1.2 

Benzoic acid 

0.91 

1.1 

Undccylenic acid 

1.0 

1.0 

Salicylic acid 

1.28 

0.8 

Cresol U. S. P. 

1.58 

0.6 

Metacresylacetate 

3.35 

0.3 

Phenol 

4.0 

0.25 


Another method generally employed with minor 
modifications to demonstrate fungistasis is that 
originally proposed by Schamberg and Kolmer (3), 
where the test substance is incorporated with the 
agar medium which is then streaked with the test 
organism. Findings with this method, comparing 
the fungistatic activities of the previously mentioned 
10 compounds, are charted in Figs. 3 and 4. 
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This test reveals the outstanding aetion of chloro- 
tliymol, which is fungistatic for T. viailagrophytes 
in dilutions of up to 1:90,000. This substance is 
followed by thymol, 1 : 25,000, and undecylenic acid, 
1:15,000. The rernainder of the compounds dis- 
played no remarkable activity, their fungistatic ac- 
tivities appearing in dilutions of from 1:2500 to 
1:1500. 

The medium suggested by Schamberg and Kolmer 
contained no serum. MTien normal horse serum 
was added to the medium to give a concentration of 
10%, the fungistatic action of 7 of the test com- 
pounds was remarkably curtailed. Chlorthymol 
lost 78% of its fungistatic power, dropping from 
1:90,000 to 1:20,000. Only cresol, metacresyl- 
acetate, and phenol were not affected by the addition 
of serum. 

Peck and Rosenfeld (9) claimed ascorbic acid to 
be fungistatic. This statement could not be con- 
firmed by us. It was found that ascorbic acid dis- 
solved in 95% alcohol exhibited no zone of growth 
inhibition even at a concentration of 2% noth the 
Burlingame and Reddish method. Using the 
Schamberg and Kolmer method, it did not prevent 
the growth of T. mentagrophyles in dilutions of up to 
1:500. 

DISCUSSION 

The need for the establishment of a stand- 
ard test for fungistatic substances has long 
been felt. The present study has attempted 
to evaluate the fungistatic potencies of ten 
compounds commonly used in the therapy 
of dermatoph}rtosis. The results observed 
by utilizing the two principal test methods 
as suggested by Burlingame and Reddish 
and by Schamberg and Kolmer were com- 
pared. On arranging the ten test com- 
pounds in an order of decreasing fungistatic 
activity, no correlation could be noted be- 
tween the results obtained with the two 
methods. See Table II. 

The Schamberg and Kolmer procedure 



Fig. 4. — Maximum dilution of alcohol soluble 
fungistatic compounds inhibiting the growth of T. 
menlagrophytes No. 640 on Sabouraud’s maltose agar. 

proved to be quite helpful in investigating 
the effects of volatile substances, which 
could not be accomplished with the Burling- 
ame and Reddish technique. However, the 
former method demonstrated but one value 
for each compound; either there was 
growtli or there was fungistasis. Nothing 
could be learned of eventual penetration or 
of ceiling of activity. It is the impression of 
the authors that the two techniques supple- 
ment each other and that each will be useful 
in its own right for evaluating the mechanism 
of action of fungistatic substances.. 

A new means of expressing fungistasis by 
measuring the activity coefficient deriv'cd 
from dosage response curves is suggested b}^ 
the authors. Thus, tlie standardization of 
the activity of one substance against the 
activity of another, which might act b)’- a 
completely different mechanism is avoided. 
The standard conditions would be those of 
medium and of culture. It appears tliat 
T. vie?ilagrophytcs (#640 Emmons) ade- 


Table II. — Comparison of Ten Compounds Arranged in a Decreasing Order of Fungistatic Ac- 
tivity Derived from the Burlingame and Reddish and the Schamberg and Kolmer Methods 


-Burlingame and Reddish (Fig. 2) 


Aclivity CoefTicicnt 
Chlorotliymol 
Propionic acid 
Resorcinol 
Benzoic acid 
Undecylenic acid 
Salicylic acid 
Cresol U. S. P. 
Mclacre.sylacct!ite 
Phenol 


Height of Ceiling of 
Dosage Response Curve 

Chlorotliymol 
Resorcinol 
Cresol U. S. P. 
Propionic acid 
Benzoic acid 
Salicylic acid 
Undecylenic acid 
Metacresylacetatc 
Phenol 


-Schamberg and Kolmer (Figs. 3 and 4 )- 


Without Serum 

Chlorolh>Tnol 

Thjnnol 

Undecylenic acid 
Benzoic acid 
Cresol U. S. P. 
Metacresylacetatc 
Propionic acid 
Salicylic acid 
Phenol 
Resorcinol 


With Scrum 
Chlorotliymol 
Thymol 

Undecylenic acid 
Cresol U. S. P. 
Metacresylacetatc 
Phenol 

Propionic acid 
Benzoic acid 
S.alicylic acid 
Resorcinol 
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quately fulfills the conditions of a standard 
culture. For one and one-half years in this 
laborator^^ this strain has given reproducible 
results with all compounds under test. 

Laboratorj' evaluation of substances de- 
signed for the therapy of dennatophytosis 
should be supplemented by fungicidal tests. 
A study of these will be published shortly. 

SUMMARY 

1 . Results and limitations of two labora- 
tor)^ test methods for determining fungista- 
sis, devised by Burlingame and Reddish and 
by Schamberg and Kolmer, were compared 
by studying the fungistatic activities of ten 
alcohol-soluble compounds on cultures of 
T. mentagrophytes (#640 Emmons). 

2. The introduction of dosage response 


curves in determining fungistasis suggested 
a new expression of fungistatic acti\dty, the 
activity coefficient. 

3. The value of the two metliods in the 
determination of fungistasis has been dis- 
cussed. 
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Book Review 


Vitamins and Hormones, Volume IV. Edited by 
Robert S. Harris and Kenneth V. Thimann, 
Academic Press Inc., New York, 194G. xvii -j- 400 
pp. 14.5 X 23 cm. Price SC.80. 

This is the 4th annual review of the literature in 
the vitamin and hormone field. When the first re- 
view was published in 1943 many no doubt wondered 
at the necessity for reviews published in sucli diversi- 
fied fields. More and more, however, it is becoming 
evident that the tivo fields overlap. No doubt this 
will become even more evident as more research is 
done on the influence of the hormones on intermedi- 
ary metabolism. 

The first review, by Pfiffner and Hogan, is on 
“The Newer Hematopoietic Factors of the Vitamin 
B-complex.” This is a very interesting review of 
folic acid, vitamins Be, M, and other identical or 
closely related substances having folic acid activity. 
The authors give a number of ultraviolet absorption 
curves which show how closely most of these factors 
are interrelated. The enzyme. Vitamin Bo conjugase, 
which splits vitamin Bo from its conjugate is also 
covered. The relationship of these substances to 
Xanthopterine from butterflies’ ivings is of con- 
siderable historic interest. The authors cite 122 
references. 

Dr. Howard A. Schneider of Rockefeller Institute 
summarizes very succinctly “Nutrition and Re- 


sistance to Infection.” It is here pointed out that 
nutritional factors may contribute either to suscep- 
tibility of, or resistance to, infection and that the 
action of any specific diet may well be the resultant 
of these opposed forces. 

“Manifestations of Nutritional Deficiency in In- 
fants,” by F. W. Clements, is of interest to those 
working in pediatrics. 

No doubt the chapter on "Nutritional Therapy of 
Endocrine Disturbances,” by Morton S. Biskind, will 
cause considerable comment for its unorthodox point 
of view’. Of equal interest will be the chapter on 
"The Thyroid and Diabetes,” by Bernardo A. 
Houssay, which may be supplemented by "Thyro- 
activc lodinated Proteins,” by E. P. Reinecke. 

To pharmacists probably the most important 
chapter is on “Methods of Bioassay of Animal 
Hormones,” by Sidney A. Thayer. Dr. Thayer first 
discusses the principles which should govern 
biological methods, i.e. the nature of the product, 
the determination of animal variation, the choice of 
a suitable standard, and units. This is followed by a 
short section on the statistical treatment of the data 
which includes a description of the standard devia- 
tion and the meaning of the regre.ssion line. This is 
followed by a more detailed discussion of the 
bioassays of the gonadotropic hormones, the re- 
maining tropic hormones of the pituitary and the 
adrenal cortical hormones. — Melvin W. Green. 
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An In Vitro, and In Vivo Study of Glass Particles 

in Ampules*’^ 

By JOHN H. BREWER and J. H. FITZGERALD DUNNING! 


This report on the effeas of glass particles 
when injected into animals indicates that 
massive doses are required to produce damage 
to the organs examined during the study. 

Jn an effort to improve the quality of 
ampule preparations, studies have been 
made from time to time to determine the 
nature of contaminants found in ampules dis- 
carded after routine manufacturing inspec- 
tion. It was ascertained that many of these 
ampules were discarded because of the pres- 
ence of glass particles which range in size 
from less than one micron to those visible to 
the unaided eye. In view of the fact that 
many physicians are of the opinion that a 
glass particle injected intravenously would 
serve as an embolus, regardless of size, the 
present study has been undertaken. The 
investigation has also been stimulated by 
the development of electronic instruments 
which can pick up particles beyond the scope 
of the unaided eye. It was thought impor- 

•Received July 7, 1947, from Hynson,.Westcott, and 
Baltimore, Md. 

t This is primarilj’ the intravenous study of this problem. 
A Iglcr paper will deal with carbonized particles, fiber, and 
'®^™jnMscular injection of these materials- 
I The authors are indebted to Mr. A. E. Stickels for the 
chemical recovery of the glass particles, and to Dr. John 
slaughter for the pathological sections. We also wish to thank 
T, J. Carski for the photomicrographs. 


tant, therefore, to determine the significance 
of these particles, for it has been observed 
that it is practically impossible to prepare 
ampule solutions in glass and to sterilize by 
autoclaving without producing some glass 
contamination. From a common sense view- 
point, it was believed advisable to determine 
at what level glass contamination in ampule 
solutions might be expected to be harmful. 
On this basis several experiments were 
planned which we felt might give some 
practical results. 

Solutions containing various sizes of glass 
particles were prepared by the method de- 
scribed in the Journal of American Public 
Health, Vol. 29, p. 1147, October, 1939. 
These suspensions of glass particles have 
been injected intravenously in animals in 
varying amounts and over time periods ex- 
tending to almost one j^car. These animals 
have been sacrificed, and chemical, histo- 
logical, and patliological studies have been 
made. In addition, more than one thousand 
animals have been injected with concentrated 
residues obtained from ampules rejected 
because of particle contamination covering a 
period of some montlis of manufacture. 

The object in making tliis study is, of 

_ ' ' 2S9 ' 
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course, not to promote the use of ampules 
containing visible particles, but is an at- 
tempt to add to the rather meager informa- 
tion on the subject. 

hledical hterature abounds in discussions 
of silica and silicosis, the presence of silica 
in blood, urine and tissues, hut most of this 
literature deals with injected or respired 
silica and its compounds. One is reminded 
of an incident in the life of Sir Harry Lau- 
der, when he was approached at the stage 
door by a woman from the Salvation Army 
and asked to give until it hurt, replied, “Lady, 
the very thought of it hurts.” It would 
seem that the veiy thought of injecting glass 
intravenously has been generally avoided in 
making such studies. However, in a series of 
papers on the biochemistry of silicic acid. 
King, Stantial, and Dolan, in 1933 (1) de- 
scribe the intravenous administration of 
particulate silica in dogs. They gave 250 cc. 
of a Si 02 suspension containing 0.8 mg. 
per cc. This was given over a period of three 
hours and at six hours the dog died. No in- 
formation was given of particle size. Gard- 
ner and Cummings (2), in 1931, Szurek and 
Czaja (3) in 1933, and Simson (4, 5) in 1937 
and 1940 report other experiments on the 
intravenous injection of particulate silica or 
glass. Although these papers were studies 
on various phases of silicosis, some of them 
do give particle size and their findings were 
helpful to us in a study of this problem. For 
the most part, these papers discuss the in- 
jection of particles of less than 2 microns in 
diameter and Simson states that 98 per cent 
of his particles were 0.4 micron, or less. The 
results of these experiments led Simson to 
state that at autopsy the organs and tissues 
of the animals showed no macroscopic 
evidence of disease. Microscopically, the 
lungs and kidneys showed numerous capil- 
lary emboli composed of aggregates of sili- 
cotic particles which later disappeared. In 
summarizing his experimental results, Sim- 
son stated that distinctive fibrotic lesions are 
produced in the liver spleen and lymph 
nodes of rabbits following intravenous in- 
jection of silicious dust of 0.8 micron, or less, 
in size. 

Gardner and Cummings summarize their 
results as follows: Three series of rabbits 


were injected intravenously witli 1.3 Gm., 
respectively, of silica particles 1 to 3 microns 
. in diameter and silica particles 6 to 12 mi- 
crons in diameter. The injections were given 
in divided doses and required from one to 
four months for their completion. 

These particles were segregated in dif- 
ferent locations according to their size. 
The largest ones were caught in the pulmo- 
nary capillaries, those of intermediate size 
in the spleen and hepatic lymph node, and 
the finest ones in the liver. 

Fine silica particles are most active and 
have produced a progressive, coarsely nodu- 
lar cirrhosis of the liver attended by exten- 
sive destruction of the parenchyma, followed 
later by regeneration in certain areas. This 
cirrhosis is the result of a typical, hyaline, 
nodular, silicotic fibrosis originating in the 
portal connective tissues. 

Coarse silica particles, 10 to 12 microns in 
diameter, are much less irritating. They 
excite a simple foreign body type of reaction 
which has progressed very little in prac- 
tically three years’ time. 

The importance of the factor of particle 
size in producing reaction to silica is the chief 
contribution of this experiment. It has been 
shown that large particles, 10 to 12 microns 
in diameter, provoke a foreign body reaction 
in the lungs which persists without much 
further change for nearly three years. 
Smaller ones, from 3 to 6 microns in diam- 
eter, cause slowly progressive changes in the 
spleen and hepatic lymph node. Very fine 
ones of the order of 1 micron in size result in 
progressive proliferation of connective tissue 
in the liver. ^ 

EXPERIMENTAL 

Jn our own experimental work, we thought it 
important to determine what size glass particles 
would be encountered in ampule preparations and 
what size particles could be picked up by ordinary 
examination by a person whose vision was approxi- 
mately 20-20. Using a 100-watt lamp and examining 
against a black and white background, the various 
preparations were studied. Consultation with 
ophthalmologists and a literature survey gave us the 
impression that the human eye should be able to see 
particles of about 50 microns under such conditions. 
Wc were surprised, however, to find that our ampule 
inspectors were discarding ampules containing 
particles no larger than 1 or 2 microns. This is 
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entirely understandable if one recalls having seen the 
reflection of an automobile windshield on a moun- 
tain so far away that the car itself could not be seen. 

On examining a large number of ampules from 
several sources, both autoclaved and hot-air steril- 
ized, we found most of the glass particles to be larger 
than 1 micron, with an average size of about 20 
microns; some were as much as 75 microns in length 
but only a few microns in diameter. Since it is 
entirely possible for such particles to pass a 20-gauge 
needle, experimental work was planned so as to 
study the effect of injecting intravenously into 
animals suspensions containing particles in this 
range of size. Some animals were injected with 
suspensions of fine glass oiily; others received in- 
jections of coarser particles in both light and heavy 
suspension. Suspensions were made of mixtures of 
soft glass and of borosilicate glass, and some sus- 
pensions were made of pyrex glass only. 

To describe briefly the actual technique of animal 
experimentation, rabbits received, by _ear vein 
injection, varying quantities of different suspensions 
of glass particles. For example, one group of animals 
was given daily injections so that they received in 
thirty-two days a total of 0.416 Gm. of glass per 
animal. Based on body weight, this would be about 
14 Gm. in man in one month, or about 0.5 Gm. per 
day. Since this is an absurd amount of glass to 
expect in ampule contamination, other animals have 
been injected over longer periods of time with 
lighter suspensions, 0.0025 Gm. per cc. for seventy- 
six days, and lio pathology was revealed. However, 
an occasional particle of glass was found in the lungs. 

One animal received a total of 070.5 cc. of glass 
suspension containing 4.156 Gm. of glass. The 
average daily dose was 0.0124 Gm. and the largest 
single injection was 0.085 Gm. This was given in 
153 injections over 334 days and the animal which 
was seemingly well was killed and examined. In the 
animal which had been injected for 334 days with an 
average daily dose of 0.0124 Gm., macroscopically 
the organs revealed an enlarged liver and spleen but 
the other organs appeared normal. Microscopically 
there was a generalized picture of silicosis. 

Since the smallest capillaries in the body are 
about 8 microns in diameter, as compared with the 
red cells at about 4.5 microns, we can rationalize as 
to what happens when glass particles as described are 
injected intravenously. The venous blood first 
encounters these small capillaries in the lungs when 
being aerated. As might be expected, there is some 
plugging of the capillaries with the larger pieces but 
one gets more of a Beaver Dam effect due to the 
sharp shape of the glass and the fluid nature of the 
cells;' they tend to flow around the glass. When 1 
cc. of a 1.3% suspension of this glass is injected 
daily for thirty-two days, there is no pneumonia or. 
inflammation. The venules arc dilated to capacity. 
The capillaries are moderately engorged. Some of 
the arterioles are thick walled. There is variation 
in the degree of a'eriation atelectasis. There is poor 
circulation in patches. Many capillaries arc bulged. 
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widening the septiae, and these capillaries contain 
ragged shaped crystals, some of which are embedded 
in a bluish homogeneous fluid-like substance in which 
there are endothelial cells and leucocrTes, suggest- 
ing early organization of thrombi. There are still 
clear spaces indicating that capillary luminae are 
not completely obliterated in spite of the bulging. 
However, there are crystals outside of the capillaries 
but this may be attributed to mechanical factors, 
since the microtome knife could not cut the particles 
of glass and simply shoved them along into the alveo- 
lar spaces. The smaller particles over the short time 
period of thirty-two days are carried along and are 
apparently disposed of without producing pathology, 
since none of the other organs are seemingly involved. 
Grossly the animals appeared well and had no 
dietary lay-off. Macroscopically the organs ap- 
peared normal and even the lungs had no gross pa- 
thology. 

In the lungs of the one-year rabbit there are large 
discrete tubercle-like lesions which have three types 
of zones: (a) The outer lymphocytes, (5) Middle 
large cells with clear oval-shaped nuclei resembling 
an epitheloid pattern, and (e) The core is composed 
of polymorphonuclear leucocytes and necrotic sub- 
stances. These lesions are quite large and resemble 
focal lesions encountered in silicosis. The capillaries 
are made conspicuous by small needle-shaped crys- 
tals. The alveolar septae are usually broad and 
practically all alveolar spaces present knob-like 
structures which are part of the septae bulging into 
alveolar space. The luminae of these circular, sharp, 
definite knobs are connected with the capillary’ wall 
and contain fragments of highly refractory crystalline 
substance. Many of these arc completely occluded 
by large mono- and multi-nucleated cells. The 
multi-nucleated cells are interpreted as foreign body 
giant cells. There is no leucocytic infiltration into 
the parenchyma beyond the capillary saculations. 
The larger arterioles are thick walled and the capil- 
lary wall is moderately engorged and has some edema. 

In the liver small glass particles are seen. The 
liver parenchyma is not distorted. The lobules main- 
tain their normal pattern. The cytoplasmic cells 
have a coarse, flaky texture but no distinct vacuoles 
are seen. There is no necrosis or leucocytic reaction 
except in the protal triads. Here the cells consist of 
small lymphocytes and large muUi-nuclcatcd giant 
cells. The cytoplasm of these giant cells contains 
fine crystal and needle-like rcfractile substances; 
also, a granular matter of the same appearance. 
These areas of granulation arc so well defined anti 
separated from the parenchyma and septae as to be 
interpreted as over-stretched vessel walls. There 
are also multi-nucleated giant cells along the triads 
which cannot be localized as to inside or outside of 
the vessels. There are many nests of multi-nucleated 
giant cells; also, single giant cells scattered through- 
out the parenchyma, all distinctly replacing liver 
cords and appear to rest free in the sinusoids. All 
of these contain particles of rcfractile bodies. The 
striking feature of this picture is that these giant 
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(Photomicrographs represented in Figs. 2-C are all 
of the same magnification.) 



Fig. 2. — Photomicrograph of heavy glass suspen- 
sion; the smallest divisions on above scale are 10 
microns. 


Fig. 1. — Graduate on left contains light suspen- 
sion of glass. Graduate on right contains heavy 
suspension. 



Fig. 3. — Glass particles in light suspension scale Fig. 4. — These glass particles were recovered 
same as Fig. 2. These particles have passed from the lungs of a rabbit injected for 30 days with 
through hard filter paper. the solution shown in Fig. 2. 



Figs. 5 and C. — Show glass particles in the lungs. "A” shows that there is not a complete blocking of 
the capillary by the particles, and "B” shows 2 sharp glass particles lodged in the walls of a capillary. 
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cells are bare, thus, not producing any destruction 
of adjacent parenchyma nor- stimulating the leuco- 
cytic zones around them. They may be Kupffler’s 
cells. There is no cloudy swelling; the appearance 
may be due to some change in the feeding habit of 
the animal. 

Spleen . — The parenchyma is studded with giant 
cells which have a tendency to nest and produce no 
reaction. 

Intestine . — Fine glass particles found. 

Kidney . — Occasional giant cells are found and the 
glomeruli are gorged with blood. 

In another series of 'animals, in which the glass 
was very dilute to simulate more closely actual am- 
pule contamination and which had been filtered to 
remove the larger particles, no glass was found in 
the lungs and no pkthology was encountered. All 
sections looked normal and these sections have 
been studied by consulting pathologists who con- 
firmed these findings. 

DISCUSSION 

It is interesting to note that chemical 
examinations were confirmatory of the histo- 
logical and pathological findings in those 
animals which received the 1.3 per cent glass 
for thirty-two days. The lungs, which con- 
tained Idrge size glass particles, were di- 
gested with acid and assay revealed that, cal- 
culated on the wet weight of lungs, there was 
present about 1 per cent glass. In the animal 
which received a lighter suspension for nearly 
a year almost 2 per cent glass was found. 
There was one very important difference. 
The silica in the rabbits which had received 
the glass for only a short time gave about 
the same loss with hydrofluoric acid as the 
control glass suspension. The animal which 
had had the glass for almost a year gave a 
95.15 per cent loss, indicating that the body 
had dissolved out the basic ion, leaving 
silicic acid which would account for the 
tissue damage and generalized picture of 
silicosis. These findings are typical of 
animals injected for one year. Chemically, 
no glass was found in those organs in the 
animals which received glass over shorter 
periods of time except the lungs in those 
animals as described. 

From a practical point of view, 1,089 mice 
were injected intravenously with the centri- 
fugate obtained from ampules regularly proc- 
essed and discarded because of particle 
contamination. This was continued over a 
period of several months to attempt to pro- 


duce fatal embolism with these particles. 
The particles were for the most part glass, 
but some were charred material, probably 
carbon, while others were fibers. In no case 
did death occur, and no latent effects were 
noticed. 

Although the industrial hygienist and 
those who come in constant contact with 
ultra small glass particles must be constant!}’- 
on the alert for pathology connected with 
silica injection, the ampule manufacturer 
who meets the present requirements of pro- 
ducing ampules substantially free from glass 
particles which can be seen with the unaided 
eye need have no fear that his product on 
injection would cause a fatal embolism, 
even though an occasional particle falls into 
the solution on breaking open the ampule. 
Furthermore, repeated injection of occasional 
particles will not give rise to patliolog}”^ 
which could be considered dangerous. We 
must be warned, however, against processes 
of manufacture such as grinding, colloidizing, 
or rapid temperature shock which might pro- 
duce large quantities of ultra fine glass of 
less than 1 micron without instituting filtra- 
tion procedures for removing it. Simple 
filtration through hard paper is not sufficient 
to remove such particles. Several types of 
filters satisfactory for bacterial removal are 
efficient for this purpose and should be used, 
although the material is subsequently steri- 
lized by other means. 


SUMMARY AND CONCLUSION 


In this investigation, without attempting 
to be exhaustive, we have tried to prove that 
occasional particle contamination of ampule 
preparations produces no significant pathol- 
ogy in animals. It has been sho\vn that 
truly massive doses are required to produce 
any pathological reaction in rabbits. 

It can be reasoned, therefore, that by 
careful ampule processing, the dangers in- 
herent in particle contamination can be- 
largely eliminated. 
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Microscopic-Crystallographic Properties of Crystalline 

Sodium Penicillin G* 

By WILLIAM V. EISENBERG and GEORGE L. KEENAN 

I ^ 


F or the purpose of establishing micro- 
scopic criteria that would be useful as 
physical data for characterizing the sodium 
salt of crj'Stalline penicillin, factor G, an op- 
tical-ciy^stallographic study was undertaken 
of five preparations of this substance ob- 
tained from different sources. Four sam- 
ples were produced commercially while the 
fifth was obtained from a government re- 
search laboratorjL These samples were stud- 
ied by means of the immersion method as 
applied to the e.xamination of crystalline ma- 
terial, which consists of mounting the ma- 
terial in oily liquids of known refractive in- 
dex and making observations in ordinary 
light, and parallel and convergent polarized 
light with the polarizing microscope. 

The microscopic examination of the five 
preparations in ordinary light at a magnifi- 
cation of approximately 200 X revealed 
three crystalline habits. Elongated, fibrous 
rods, apparently aggregates of needle-like 
crystals, characterized two of these samples 
(Figs. 1 and 2). Two samples consisted of 
plates, in one case more elongated (Fig. 3) 
than in the other (Fig, 4), and compact radial 
aggregates (splierulites) represented the 
third habit (Fig. 5). 

From a microscopic-crystallographic study 
■of these five samples three significant re- 
fractive indices were determined, ncc = 
1.550, «/3 = 1.609, «T = 1-020, all ±0.002.> 
The most common index for determinative 
purposes was found to be «j3, shown on 
plates exhibiting partial extinction and optic 
axis figures. This index is most readily 
shown where the material crystallizes largely 
'as plates (Fig. 3 and 4). It may also be 
measured on minute rods and needles occur- 
ring in the other habits (Figs. 1, 2, and 5). 
na and ny are not as ‘frequently shown as 

* Received Jan. 30, 19-J7, from the ^^^c^ob^ological Divi- 
sion, Food and Drug Administration, Federal Security 
Agencj*. Washington, D. C. 

» Refractiv'e indices are given for the D-line (Na) at 20®. 


In parallel polarized light (crossed nicols) 
samples cry^stallizing in elongated fibrous 
rods (Figs. 1 and 2) showed parallel extinc- 
tion and positive elongation. In convergent 
polarized light (crossed nicols), the usual 
interference figure shown was that of the op- 
tic axis. Platy material such as that illus- 
trated by Fig. 3 showed that the material 
was biaxial negative with large axial angle 
as may be determined occasionally on inter- 
ference figures showing curved isogyres. 

Although direct examination ot the salts 
in ordinary light showed that they exhibited 
various habits, this was apparently due to 
different methods of preparation or crystalli- 
zation, and all of the samples could be con- 
verted to the same habit by recrystallizing a 
small amount from a drop of 95% ethyl al- 
cohol on a microscopic slide. The material 
to be recrystallized was treated with the al- 
cohol and the preparation vigorously stirred 
with a glass rod to induce crystallization by 
reseeding with the material that had not 
completely dissolved. The addition of n- 
butanol to the alcohol solution will aid the 
crystallization. This treatment of the crys- 
talline preparations caused the substance to 
crystallize as plates having a 6-sided outline, 
many of which develop in hemimorphic 
formations (Fig. 6). 

Heating all five of these preparations at a 
temperature of 100° for two hours produced 
no change in the crystalline habit or in the 
optical-crystallographic properties. It is 
obvious from this that crystalline penicillin 
sodium contains no solvent of crystalliza- 
tion. The five compounds of crystalline 
penicillin sodium studied are identical with 
respect to their optical-crystallographic 
properties and these may be used for estab- 
' lishing the identity of this substance. 

Reproductions of photomicrographs 
showing the crystal structures of the 
samples used in this investigation are shown 
on the opposite page. 
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A Study of the Modified Knudson-Dresbach 
Colorimetric Evaluation of Digitalis: 
Extraction Studies on Digitalis* 

By SAMUEL W. GOLDSTEINt.t 


The Knudson-Dresbach colorimetric method 
as modified by Bell and Krantz for the assay 
of digitalis preparations has been applied to 
several samples. The results of this study are 
reported. 

"Decause none of the present biological 
assay methods for digitalis is' entirely 
satisfactory^ Bell and Krantz studied the 
Knudson and Dresbach (1) colorimetric 
determination based on the Baljet (2) re- 
action between alkaline picrate solution and 
digitalis glycosides. In 1945 they published 
their modified method (3). This method 
gave results sufficiently close to the results 
obtained by the cat method of assay to war- 
rant a collaborative study of the assay of 
digitalis and its preparations by both 
methods (4). 

In order to check the method and its 
application to commercial samples of digi- 
talis preparations available in drugstores the ' 
following study was undertaken. 

Experiments were also carried out to test 
the necessity of the U. S. P. requirement of a 
twenty-four-hour period of extraction in a 
mechanical shaker for digitalis and prepara- 
tions containing powdered digitalis. 

EXPERIMENTAL 

A “facile” test bottle shaker- (Wagner Glass 
Works, New York) was used and the powdered sam- 
ples and menstruum (alcohol 4 volumes, water 1 
volume) were placed in oil sample bottles rvhich 
fitted into the shaker cups. A Fisher Electrophotom- 
eter with green filter No. 525 and 23-cc. absorp- 
tion tubes was used. All readings were made on the 
logarithmic scale of the instrument. The assay pro- 
cedure was carried out exactly as described by Bell 
and Krantz (3). Readings were made at ten-minute 
intervals over a period of sixty minutes. 

Digitalis Tinctures. — Data obtained from twenty 
determinations with six Reference Standard Tinc- 


* Received March IS, 1947, from the State of Maryland 
Department of Health. Baltimore. 

t Pharmaceutical ChemistT State of Maryland Depart- 
ment of Health. 

t The author is indebted to R. McComas for assist- 

ance with the charts. 


tures- and a number of commercial tinctures are 
represented graphically in Fig. 1 by plotting the 
readings (logarithm of the transmission) against time 
intervals. 

The curves obtained with the U. S. P. Reference 
Standard Tinctures and half-strength Reference 
Standard Tinctures are practically identical with 
those reported by Bell, and Krantz (3). The curves 
obtained with commercial tinctures assaying near or 
below 100% at the twenty-minute interval follow 
fairly closely the curves obtained with the Reference 
Standard Tinctures. But the curves obtained with 
commercial tinctures assaying considerably above 
100% at the twenty-minute interval show a wide 
divergence from the standard curves. The curve 
showing the highest values was obtained from re 
suits with two samples from manufacturer No. 5, 
and one other sample. The drugstore operator could 
not estimate the age of this latter preparation, and 
it might be possible that he assigned it to the wrong 
manufacturer. The next highest curve represents 
another sample from manufacturer No. 5. 

Bell and Krantz (5), as a result of their studies 
with the digitalis glycosides, have assumed that the 
intensity of the Baljet reaction is proportional to 
the amount of glycoside (lactone) present, but that 
the degree of isomerization [which occurs in the 
presence of the Baljet reagent] is not directly pro- 
portional to the concentration of the glycoside. 
They conclude that if the observed intensity of the 
Baljet reaction is regarded as the resultant of these 
two factors, and since one of them does not show 
direct proportionality to the concentration, the re- 
sultant likewise will not. Their assumptions and 
conclusions are definitely applicable to the results 
obtained with most of the tinctures of widely vary- 
ing potencies as shown in Fig. 1. 

Digitalis .Tablets. — Tinctures were prepared from 
eleven commercial digitalis tablets using the U. S. P. 
XIII procedure for the assay of Digitalis Tablets. 
These tinctures were tested in the same manner as 
the commercial tinctures, and the results are given 
graphically in -Fig. 2. The curves obtained follow 
the same general pattern as observed with the com- 
mercial tinctures, with two exceptions. These sam- 
ples show an unusual , divergence from the general 
curve and undoubtedly contained some substance, 
possibly lactose, which gives a strongly increasing 
color reaction with the Baljet reagent. 

The results from both the tinctures and the tab- 
lets show that where there is evident divergence 
from the standard curves, this divergence increases 
as the time interval increases. It may be assumed 




Curve No. 1. 
20 minutes. 
Curve No. 2. 
Curve No. 3. 
Ctuve No. 4. 
20 minutes.v 
Curve No. 5. 
20 minutes. 
Ciuve No. 6. 
Curve No. 7. 
20 minutes. 

Curve No. 8. 
at 20 minutes. 
Curve No. 9. 
Curve No. 10. 


Fie 1 —Reference Standard and Commercial Tinctures , . . 

average values for samples 17283 S, 17287 S, and 8922 E, rvhich assayed 180% * 4 at 
Sample 17M3 S, ^7315 s wwS assayed 130% ± 3 at 20 minutes. 

Lverage values for samples 17279 S, 17286 S, and 17288 S, which assayed 109% 3 at 

'STvIuTs'^to S, 17281 S, and 17282 S, which assayed 100% =- 2 at 

verage values for samples 17289 S, 17290 S. 8923 E, and 8924 E, which assayed 90% - 2 

Sample 17291 S, which assayed 68% at 20 minutes. 

Sstr^^h Reference Standard Tmcture. 


that the earliest consistently reproducible reading 
would be more likely to give results based on differ- 
ences in concentration of the glycosides in D. pitr 
ptirea and its preparations. This happens to be t e 
nading taken about twenty minutes after the addi- 
tion of the reagent to the prepared sample. Bell an 
Krantz have selected this time interval. ^ Publis e 
results (3, 5, 6) indicate that values obtained by the 
modified Knudson-Dresbach chemical assay are 
generally higher than the values obtained by lo 
assay' procedures. These differences would be 
further accentuated if values were based on readings 
taken after an interval longer than twenty minutes, 
especially with preparations considerably stronger 
than the standard tincture. This purely factua 
consideration is sufficient to warrant the selection 
of the twenty-minute reaction period. 


The assay results for the commercial tinctures at 
the different time intervals, together with the ap- 
proximate length of time the tinctures known 

to have been in the drugstores, are given m Table II. 
It is noteworthy that of the identified tinctures the 
highest percentages were obtained with old products 
of manufacturer No. 5. The comparatively fresh 
product of the same manufacturer showed an in- 
crease of 33% between the twenty-minute and sixty- 
minute determinations. The next greatest increase 
in percentage between the twenty-minute and sixty- 
minute determinaUons is 18%. Apparently some 
substance is present in the No. 5 preparations (pos- 
sibly introduced in the menstruum) which slowly 
changes or causes a ch.ange under ordinary condi- 
tions ivith the change being accelerated in the 
presence of the alkaline picratc reagent. Tinctures 
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Fig- 2. — Reference Standard Tinctures and Tinctures Rrepared from Digitalis Tablets 
Curve No. 1. Average values for samples 17256 S and 17265 S, which assayed 135% =fc 2 at 20 minutes. 
Curve No. 2. Sample 17260 S, which assayed 124% at 20 minutes. 

Curve No. 3. Average values for samples 17264 S and 17266 S, which assayed 128% at 20 minutes. 
Curve No. 4. Sample 17259 S, which assayed 122% at 20 minutes. 

Curve No. 5. Sample 17201 S, which assayed 113% at 20 minutes. 

Curve No. 6. Sample 17258 S, which assayed 116% at 20 minutes. 

Curve No. 7. Average values for samples 17257 S, 17262 S, and 17263 S, whidi assayed 95% ± 5 at 

20 minutes. 

Curve No. 8. Reference Standard Tincture. 

Curve No. 9. Half-strength Reference Standard Tincture. 


giving such results should be checked by biological 
assay. _ 

Omitting from consideration the established prod- 
ucts of manufacturer No. 5, fifteen of the twenty- 
three tinctures fall within the limits allowed by the 
U. S. P. The age of sample 17283 S could not be 
established, and it appears doubtful that it was as- 
signed to the correct manufacturer. 

Of the eleven samples of Digitalis Tablets tested, 
four samples exceeded the U. S. P. limit in potency. 
However the amounts by which the upper limit was 
e.xceeded were 2%, 2%. 7%, and 10%. These four 
samples were ptoducts of the same manufacturer, 
and their curves indicate the absence of any interfer- 
ing substance. 

Extraction Studies. — Digitalis tinctures were pre- 
pared from U. S. P. Standard Reference Powder by 
the official procedure except that eight-, sixteen-, 
and twenty-four hour extraction periods in a me- 
chanical shaker were used. The averages of values 
for three, twelve, and five series of readings of the 


Table I. — Logarithmic Scale Readings for 
Tinctures Prepared from Reference Standard 
Digitalis Using Different Extraction Periods 


Reading 

Time, 8-Hr. 

16-Hr. 

24-Hr. 

Min. S" 

S/2*^ 

S 

S/2 

S 

s/2 

10 39.8 

23.5 

39.3 

23,5 

40.0 

23.8 

20 43.7 

26.5 

43.3 

26.7 

43.9 

27.1 

30 45.3 

27.5 

45.3 

28.0 

46.0 

28.6 

40 46.0 

28.0 

46.0 

28.7 

46.5 

29.3' 

50 46.5 

28.5 

46.6 

29.1 

47.2 

29.0 

60 47,0' 

28.7 

47.1 

29.3 

47.3 

30.1 


" S is the fuIl»strenBth Reference Standard Tincture. 

^ S/2 is the half-strength Reference Standard Tincture. 


respective products are given in Table I. The 
values obtained indicate that for all practical pur- 
poses an extraction period of eight hours in a me- 
chanical shaker allows complete extraction of the 
glycosides of D. purpurea. 

Tinctures were prepared from commercial Digitalis 
Tablets by the U. S, Pr XIII procedure anil also 
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by limiting the extraction period to eight hours. 
The results of the assays of tlie tinctures obtained by 
both procedures are given in Table III: These re- 
sults appear to establish beyond a doubt that an 
eight-hour extraction period in a mechanical shaker 
is sufficient for complete extraction of the digitalis 
glycosides. 


Discussion of Analytical Method.— In its present 
state the Knudson-Dresbach method as modified by 
Bell and Krantz for the evaluation of digitalis and 
its preparations may not appear to satisfy all the 
requirements for an official chemical assay. But 
neither is the official biological method entirely satis- 
factory. The chemical procedure does yield results 


Table li. — P er Cent Potency in Terms of Standard op Commercial Digitalis Tinctures 





%at 

%at 

% at 

% at 



Sample No. 

Mfr. No. 

Time in Store 

10 Min. 

20 Min. 

30 Min. 

40 Min. 

50 Min. 

eO^Min. 

17273 S 

1 

1 wk. 


95 





17274 S 

2 

3 mo. 


126 





17275 S 

1 

5 mo. 


97 





i7276 S 

3 

2 yr. 


102 

ioo 

ioo 

ioo 

100 

17277 S 

3 

1 yr. 


120 

123 

124 

126 

126 

17278 S 




132 

134 

141 

143 

146 

17279 S 

3 

2 mo. 


111 

110 

113 

117 

121 

17280 S 

4 

6 mo. 

120 

115 

111 

111 

113 

113 

17281 S 


4 mo. 


102 

100 

100 

100 

100 

17282 S 

i 

2 mo. 

ioo 

98 

96 

96 

96 

96 

17283 S 

3 


161 

181 

187 

196 

197 

207 

17284 S 

4 

2 yr. 

139 

143 

141 

144 

147 

149 

17285 S 

■ 2 

2 mo. 

121 

138 

141 

147 

150 

154 

17286 S 

2 

10 mo. 

102 

106 

114 

120 

123 

124 

17287 S 

5 

18 mo. 

173 

178 

186 

195 

194 

199 

17288 S ' 

2 

1 yr. 

103 

108 

114 

120 

120 

121 

17289 S 

1 

1 mo. 

90 

90 

89 

87 

87 

89 

17290 S 

1 


94 

91 

89 

86 

86 

87 

17291 S 

1 

4 mo. 

/ 72 

68 

67 

65 

65 

64 

17292 S 

2 

6 mo. 

106 

118 . 

125 

127 

128 

129 

17293 S 

5 

2 mo. 

127 

130 

140 

144 

153 

163 

17315 S 

' 2 

2 mo. 

116 

127 

133 

136 

141 

143 

8922 E 

5 

7 mo. 

182 

184 

191 . 

200 

207 

210 

8923 E 


7 mo. 

97 

92 

90 

91 

90 

89 

8924 E 

i 

2 wk. 

93 

88 

85 

85 

84 

83 

8925 E 

4 

6 mo. 

121 

119 

114 

116 

117 

114 


Table III. — Per Cent Potency in Terms of Standard Digitalis Tablets 
Samples Prepared by Shaking for 8-Hour and for 24-Hour Periods 


Sample No. 


17256 S,“ 

8 hr. 
24 hr. 

17257 S, 

8 hr. 
24 hr. 

17258 S, . 

8 hr. 
24 hr. 

17259 S, 

8 hr. 
24 hr. 

17260 S,’’ 

Shr. 
24 hr. 

17261 S, 

8 hr. 
24 hr. 

17262 S,' 

8 hr. 
24 hr. 

17263 S, ■ 

Shr. 
24 hr. 

17264 S,“ 

Shr. 
24 hr. 

17265 S,“ 

Shr. 
24 hr. 

17266 S,“ 

Shr. 
24 hr. 



Instrument 

Read 

10 

20 

30 

139 

139 

141 

133 

133 

139 

95 

91 

88 

95 

89 

88 

110 

114 

122 

113 

117 

124 

126 

124 

126 

121 

120 

120 

127 

124 

130 

125 

124 

130 

120 

112 

110 

120 

114 

112 

113 

100 

96 

109 

100 

96 

98 

94 

91 

102 

97 

93 

127 

128 

132 

127 

128 

132 

140 

133 

136 

137 

133 

136 

124 

• 120 

120 

132 

129 

131 


Intervals in Minutes 


40 

so 

CO 

149 

153 

154 

143 

150 

151 

90 

90 

90 

91 

91 

93 

128 

138 

143 

134 

141 

146 

133 

137 

140 

127 

131 

135 

137 

144 

151 

137 

144 

151 

115 

116 

115 

115 

119 

118 

97 

99 

99 

94 

90 

97 

88 

87 

87 

90 

90 

90 

134 

139 

140 

134 

139 

140 

142 

140 

147 

142 

140 

147 

130 

131 

130 

130 

140 

138 


^ Samples, all from the same manufacturer, yielded green filtrates. 

colored, coated tablets yielded green filtrates. " . nrpnnration 

^ The 8-hour preparation was tested 5 days earlier than the •.4-ho p P 

‘ind 10,5®, respectively. 


The prevailing room temperatures were 



Minutes 


Fig. 2. 

Curve No. 1. 
Curve No. 2. 
Curve No. 3. 
Curve No. 4. 
Curve No. 5. 
Curve No. G. 
Curv'e No. 7. 
20 minutes. 
Curve No. 8. 
Curve No. 9. 


— Reference Standard Tinctures and Tinctures I^repared from Digitalis Tablets 
Average values for samples 17256 S and 17265 S, which assayed 135% =t 2 at 20 minutes. 
Sample 17260 S, which assayed 124% at 20 minutes. 

-Average values for samples 17264 S and 17266 S, which assayed 128% at 20 minutes. 
Sample 17259 S, which assayed 122% at 20 minutes. 

Sample 17201 S, which assayed 113% at 20 minutes. 

Sample 17258 S, which assayed 116% at 20 minutes. 

Average values for samples 17257 S, 17262 S, and 17263 S, which assayed 95% ± 5 at 

Reference Standard Tincture. 

Half-strength Reference Standard Tincture. 


giving such results should be checked by biological 
assay. _ 

Omitting from consideration the established prod- 
ucts of manufacturer No. 5, fifteen of the twenty- 
three tinctures fall within the limits allowed by the 
U. S. P. The age of sample 17283 S could not be 
established, and it appears doubtful that it was as- 
signed to the correct manufacturer. 

Of the eleven samples of Digitalis Tablets tested, 
four samples e.xcceded the U. S. P. limit in potency. 
However the amounts by which the upper limit was 
e.\ceeded were 2%, 2%, 7%, and 10%. These four 
samples were ptoducts of the same manufacturer, 
and their curves indicate the absence of any interfer- 
ing substance. 

Extraction Studies. — Digitalis tinctures were pre- 
pared from U. S. P. Standard Reference Powder by 
the official procedme except that eight-, sixteen-, 
and twenty-four hour extraction periods in a me- 
chanical shaker were used. The averages of values 
for three, twelve, and five series of readings of the 


Table I. — Logarithmic Scale Readings for 
Tinctures Prepared from Reference Standard 
Digitalis Using Different Extraction Periods 


Reading 

Time, 8-Hr. 

lO-Hr. 

24.Hr. 

Min. S'* 

S/2‘' 

S 

S/2 

S 

s/2 

10 39.8 

23.5 

39.3 

23.5 

40.0 

23.8 

20 43.7 

26.5 

43.3 

26.7 

43.9 

27.1 

30 45.3 

27.5 

45.3 

28.0 

46.0 

28.6 

40 46.0 

28.0 

46.0 

28.7 

46.5 

29.3' 

50 46.5 

28.5 

46.6 

29.1 

47.2 

29.6 

60 47.0 

28.7 

47.1 

29.3 

47.3 

30.1 


® S is the full-strength Reference Standard Tincture. 

° S/2 is the half-strength Reference Standard Tincture. 


respective products are given in Table I. The 
values obtained indicate that for all practical pur- 
poses an extraction period of eight hours in a me- 
chanical shaker allows complete extraction of the 
glycosides of D. purpurea. 

Tinctures were prepared from commercial Digitalis 
Tablets by the U. S. P. XIII procedure and also 
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by limiting the extraction period to eight hours. 
The results of the assays of the tinctures obtained by 
both procedures are given in Table III; These re- 
sults appear to establish beyond a doubt that an 
eight-hour extraction period in a mechanical shaker 
is sufficient for complete e.xtraction of the digitalis 
glycosides. 


Discussion of Analytical Method.— In its present 
state the Knudson-Dresbach method as modified by 
Bell and Krantz for the evaluation of digitalis and 
its preparations may not appear to satisfy all the 
requirements for an official chemical assay. But 
neither is the official biological method entirely satis- 
faetory. The chemical procedure does yield results 


Table II. Per Cent Potency in Terms of Standard of Commercial Digitalis Tinctures 


Sample No.' 

Mfr. No. 

Time in Store 

%at 

10 Min. 

% at 

20 Min. 

%at 

30 Min. 

% at 

40 Min. 

% at 

50 Min. 

% at 

60 Min. 

17273 S 

1 

1 wk. 


95 




17274 S 

2 

3 mo. 


126 





17275 S 

1 

5 mo. 


97 





47276 S 

3 

2 yr. 


102 

100 

ioo 

ioo 

100 

17277 S 

3 

lyr. 


120 

123 

124 

126 

126 

17278 S 




132 

134 

141 

143 

146 

17279 S 

3 

2 mo. 


111 

110 

113 

117 

121 

17280 S 

4 

6 mo. 

120 

115 

111 

111 

113 

113 

17281 S 


4 mo. 


102 

100 

100 

100 

100 

17282 S 

i 

2 mo. 

ioo 

98 

96 

96 

96 

96 

17283 S 

3 


161 

181 

187 

196 

197 

207 

17284 S 

4 

2 yr. 

139 

143 

141 

144 

147 

149 

17285 S 

2 

2 mo. 

121 

138 

141 

147 

150 

154 

17286 S 

2 

10 mo. 

102 

106 

114 

120 

123 

124 

17287 S 

5 . 

18 mo. 

173 

178 

186 

195 

194 

199 

17288 S ' 

2 

lyr. 

103 

108 

114 

120 

120 

121 

17289 S 

1 

1 mo. 

90 

90 

89 

87 

87 

89 

17290 S 

1 


94 

91 

89 

86 

86 

87 

17291 S 

1 

4 mo. 

72 

68 

67 

65 

65 

64 

17292 S 

2 

6 mo. 

106 

118 

125 

127 

128 

129 

17293 S 

5 

2 mo. 

127 

130 

140 

144 

153 

163 

17315 S 

' 2 

2 mo. 

116 

127 

133 

136 

141 

143 

8922 E 

5 

7 mo. 

182 

184 

191 . 

200 

207 

210 

8923 E 


7 mo. 

97 

92 

90 

91 

90 

89 

8924 E 

i 

2 wk. 

93 

88 

85 

85 

84 

83 

8925 E 

4 

6 mo. 

121 

119 

114 

116 

117 

114 


Table III.— Per Cent Potency in Terms of Standard Digitalis Tablets 



Samples Prepared by Shaking for 8-Hour and for 24-Hour Periods 






Instrument Readinr Intervals in Minutes 

GO 

Sample No. 


10 

20 

30 

40 

50 

17256 S,“ 

8 hr. 

139 

139 

141 

149 

153 

154 

24 hr. 

133 

133 

139 

143 

150 

151 

17257 S, 

8 hr. 

95 

91 

88 

90 

90 

90 

24 hr. 

95 

89 

88 

91 

91 

93 

17258 S, . 

8 hr. 

110 

114 

122 

128 

138 

143 

24 hr. 

113 

117 

124 

134 

141 

146 

17259 S, 

8 hr. 

126 

124 

126 

133 

137 

140 

24 hr. 

121 

120 

120 

127 

131 

135 

17260 S.'’ 

8 hr. 

24 hr. 

127 

125 

124 

124 

130 

130 

137 

137 

144 

144 

151 

151 

17261 S, 

8 hr. 

120 

112 

110 

115 

116 

115 

24 hr. 

120 

114 

112 

115 

119 

118 

17262 S.' 

8 hr. 

113 

100 

96 

97 

99 

99 

24 hr. 

109 

100 

96 

94 

96 

9/ 

17263 S, . 


98 

94 

91 

88 

87 

87 

24 hr. 

102 

97 

93 

90 

90 

90 

17264 S.“ 

8 hr. 

127 

128 

132 

134 

139 

140 

24 hr. 

127 

128 

132 

134 

139 

140 

17265 S,» 

17266 S.“ 

8 hr. 

24 hr. 

8 hr. 

24 hr. 

140 

137 

124 

132 

133 

133 
• 126 
129 

136 

136 

126 

131 

. 142 

142 

130 ■ 
136 

146 

146 

131 

140 

147 

-147 

130 

138 

° Samples, all from the same manufacturer, yielded green HUrates. 
e “'“red, coated tablets yielded green altrates. 

, The 8-hour preparation was tested 5 days earlier than the -.4-faour preparation. 

The prevailing room tempera 

liirr. "crr 


’.respectively. 
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that check very well, and earlier studies (4) have 
indicated tliat both methods are measuring the same 
activity of the drug. The chemical procedure cer- 
tainly can be useful in control laboratories that are 
not equipped for biological procedures. As a pre- 
caution, the final readings can be continued at ten- 
minute intervals beyond the critical twenty-minute 
period, and the curve, obtained by plotting the read- 
ings against time, can be compared tvith curves 
prepared by assaying biologically standardized 
samples. When a curve is definitely out of line, 
indicating the presence of an interfering substance, 
that sample can be sent to another laboratory for 
checking by a biological procedure. 

Inspector H. Bernhardt collected the commercial 
samples from drugstores and obtained information, 
wherever possible, as to the length of time the tinc- 
tures had been in stock. This did not take into 
account the age of the preparations at the time the 
pharmacists purchased them. Comparisons under 
these conditions show that aging of properly pre- 
pared Digitalis Tincture has no apparent effect on 
the course of the chemical assay, and that high or 
low results cannot be attributed to this factor. 

Daily room temperatures were recorded and these 
varied from 19.5° to'25.5°. These variations appear 
to have some effect on the rate of the reaction, but 
they apparently affect the standard and sample in 
the same manner and can be discounted. 

Five of the eleven Digitalis Tablets yielded tinc- 
tures which gave green filtrates in the course of the 
assay. Four of these tablets were products of the 
same manufacturer and the green color appeared to 
have no influence on the course of the reaction. The 
other product was a grccii-colored, coated tablet, 
and its tincture gave an accelerated reaction. This 
acceleration cannot be attributed to the green color, 
but rather to the constituents of. the coating ma- 
terial. 

Discussion of Extraction Studies.— Oiu- fifteen- 
year-old shaker is very efficient while running, but it 
demands attention at the most unexpected times. 
Consequently the agitated e.\tractions were carried 
out in eight-hour periods. The e.\tractions requiring 
more than eight hours ivere interrupted by sixteen- 
hour periods (overnight) in a refrigerator at 2°. 
Thus, while with the shortest e.xtraction period the 


drug was in contact with, the menstruum Madly 
eight hours, with the sixteen-hour and twenty-four- 
hour preparations the drug was actually in contact 
with the menstruum thirty-two hours and fifty-sh 
hours, respectively. This arrangement obviously 
favored the longer extraction periods, but, never- 
theless, the eight -hour extraction period in a mechani- 
cal shaker appears to have established itself be- 
yond doubt as a period of sufficient length for prac- 
tically complete removal of the digitalis principles. 
In order to be doubly certain, the drug and men- 
struum could be mixed, allowed to macerate over- 
night, and then be subjected to an eight-hour period 
in a mechanical shaker. 

SUMMARY 

1. The Knudso'n-lDresbach method as 
modified by -Bell and Krantz for tlie colori- 
metric determination of digitalis activity has 
been studied. 

2. The use of this , method in control 
laboratories not equipped for biological as- 
say work has been discussed, and is recom- 
mended. 

3. Extractions of Powdered Digitalis and 
Digitalis Tablets by the U. S. P. XIII pro- 
cedure, except for variations in the length of 
the extraction period, have proved conclq- 
sively that under the described conditions 
an eight-hour extraction in a mechanical 
shaker will remove practically all of the ac- 
tive digitalis principles soluble in the official 
menstruum. 
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Chemical Dififerentiation of Desoxyephedrine from 
Other Sympathomimetic Amines* 

_ By THOMAS J. HALEYt 


Methods for the chemical identihcatioa and differentiation-of isomers of desoxy- 
ephedrine from each other and from twelve additional sympathomimetic amines are 
described. Of the reagents employed, chloroauric, chloroplatinic, and picric acids 
were most useful since they produced crystalline precipitates having definite melting 
' points. 


PRESENT Commercial availability of 
potent drags such as desoxyephedrine 
and related sympathomimetic amines makes 
it imperative that an easy method for their 
identification be made available. Thus far 
only- two cases of toxicity from prolonged 
use of desoxyephedrine have been reported 
(2,4). 

Dultz (5) has shown that the drug may be 
distilled from alkalized cadaveric material 
and the quantity therein determined by 
titration. Urinary excretion of desoxyephe- 
drine as well as other similar amines has been 
determined by Richter (11) with a nonspe- 
cific picric acid reagent. Both of the above 
methods may be used to determine' the 
amount of drug causing death but they will 
not differentiate between its various forms or 


between it and other similar amines. Com- 
pounds of this type are usually identified by 
converting them into known derivatives. 
Of the three forms of desoxyephedrine only 
the^d-isonfer has been investigated thor- 
oughly in this manner. All reported deriva- 
tives of desoxyephedrine are given in Table 
I. Table II shows the structural differences 
and the melting points of all the sympatho- 
mimetic amine salts studied in this investiga- 
tion. 

This study of the reaction between fifteen 
sympathomimetic amine salts and ten alka- 
loidal reagents was undertaken in an attempt 
to find a rapid method for the identification 
and differentiation not only of the three iso- 
mers of desoxyephedrine but also of the other 
compounds listed. 


Table I. — Recorded Derivatives op Desoxyephedrine 


Isomer 

Derivative 

Melting Point, °C. 

Reference 

Dextro 

Hydrochloride 

170-171 

Ogata (10) 


171-173 

171-173 

Novelli and Taintcr (9) 
Rosenmund, el at. (12) 


Bitartrate 

118-119 

Ogata (10) 


Picrate 

144-145 

Ogata (lO) 


Mercuric Chloride 

152-153 

Ogata (lO) 


Gold Chloride 

127 

Ogata (lO) 


Platinic Chloride 

214-215 

Ogata (10) 


Picrolonate 

183 

Dultz (5) 

Racemic 

Hydrochloride 

133-135 

Novelli (8) 

132-133 

Novelli and Tamter (9) 



134 

Rosenmund, cl al. (12) 


Platinic Chloride 

198-199 

Erlenmeycr and Simon (0) 


Thiourea 

134 

Erlenmeyer and Simon (C) 


SuUathiazole 

118-130 

Hamilton, cl al. (7) 


Sulfadiazine 

187-189 

Hamilton, el al. (7) 

Leva 

Tartrate 

159-160 

Novelli and Taintcr (9) 


Received April 4, 1947, from the Research Division, E. S. 
Laboratories Inc., Los Angeles 14, Calif- 
I wishes to thank Dr. K. K. Chen of Eli Lilly 

Co. for the I-ephedrine sulfate and the Tuamine Sulfate) 
H. C. Longneckcr of Smith, Kltne and French Labora- 
mnes for the Benzedrine and Dexedrine Sulfates and the 
; arcdnne Hydrobromide, Dr. G. R. Hazel of Abbott Labom- 
for the d- and Ldesoxyephedrines, Dr. R. S. Shelton of 
I * ^f®rrell Co. for the Vonedrine and Nethamioe Hydro- 
chlorides, Mr, Louis Roeg of hlcrck and Co. for the d/- 
epUcdnne hydrochloride and Dr. M. L. Moore of Frederick 
Co. for the Synephrine Tartrate, and the d-, J- 
an(l tfi-Ncosyncphrines used in this study. 


experimental 

All the compounds tested were made up in one jjer 
cent solutions; the alkaloidal reagents were pre- 
pared as directed by Autcnrieth and Bauer (1), and 
the reagents for the Copper Sulfate test according 
to the directions in the United States Pliannacopceia 
(13). One cubic cctitimctcr of the amine solution to 
Iv» tpsfrri was placed in a small tcst.ful)c and 
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Amine 

Desoxyephedrine (l-phcnyl-2- 
methylaminopropane) 


Structural Formula 

CHs 

I I 

— C— C— N— CHj 



Melting Point of Salts 

(/-Hydrochloride 170-173° 
(//-Hydrochloride 132-135° 
/-Tartrate 159-160° 


V^onedrine (2-phenyl-l-meth- 
ylaminopropane) 



(//-Hydrochloride 144-1'1S° 


Nethamine (l-phenyl-3- 
methylethylamino-l-pro- 
panol) 


■0 


Syaephrine (Sympatol) (T(/>- 
hydroxyphenyl) -2-methyi- 
aminoethanol) 


HO 

I I 

— C— C— N— CHj 


I I 



Neo-Synephrine (l-(«!-hy- 
droxyphenyl)-2-methylainino- 
ethanol) 


HO 

I 1 

— C— C— N- 


-CH, 


Benzedrine (l-phenyl-2- 
arainopropane) 



Paredrine (l-(^-hydroxy- | | 

phenyl)-2-aminopropane) — C — C — NHi 



Ephedrine (l-phenyl-2-ineth- 
ylamino- 1-propanol) 


HO 


— C— C— N— CH, 

I I I 



CH, 


(//-Hydrochloride 186° 


(//-TartrateT83-185° 


(/-Tartrate 98-100° 
(//-Hydrochloride 142-143° 
/-Hydrochloride 141.&-143° 


(//-Sulfate above 300° 
-(/-Sulfate above 300° 
(Dexedrine) 


Hydrobromide 189-190° 


'(//-Hydrochloride 187-188° 
/-Sulfate 240-247.5° 


. — C— C- 


I I I I I 
-c— c— c— c— c- 


Tuamine (2-aminoheptane) 


Sulfate 275-277 



Alkaloidal Reagents and Sympathomimetic Amines 
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drops of the reagent added. Observations were made 
immediately and after one, two, three,- four, and 
twenty-four hours. The results with all the amines 
tested are given in Table III. MTiere crystalline or 
amorphous precipitates were formed, theyi were 
filtered, placed in a vacuum desiccator over P2O5 
two hours, and their melting points then determined 
using a Thiele tube. All melting points reported are 
uncorrected. 

DISCUSSION 

Chen (3) investigating the CuSOrNaOH 
test on a series of twenty-seven aromatic 
amines, including six optical isomers of ephed- 
rine, found that those having an OH group 
on the second C atom from the amine group 
gave a positive test. By comparison of 
Tables II and III it may be seen that both the 
/- and (fZ-ephedrines and Z- and dZ-Neosyneph- 
rines gave a positive purple coloration which, 
in the case of the latter, was not ether soluble. 
The negative test given by d-Neos}mephrine, 
as well as.Synephrine, may have been due 
to the use of their tartaric acid salts. This, 
acid probably interferes by preferentially 
reacting with the alkaline copper sulfate as it 
does in Fehling’s solution. If inorganic acid 
salts were employed, both d-Neosynephrine 
and Synephrine would give a positive test. 
The results obtained with the other amines 
were to be expected because they did not 
have the desired group. 

The results obtained with phosphomolyb- 
dic and sihcotungstic acids were similar to 
those described for other compounds by 
Autenrieth and Bauer (1). In those in- 
stances where precipitates were -formed, they 
were generally so unstable that they could 
not be isolated before decomposition. Also, 
the fact that all the precipitates were the 
same color prevents the use of this test for 
identification purposes. The phosphotung- 
states isolated had no definite melting points 
and thus were of little value in identifying 
tlie amines. 

All isomers of desoxyephedrine, as well as 
both Vonedrine and Nethamine, reacted with 
most of the reagents employed, and it was 
only by the use of melting point differences 
that these drugs could be identified. The 
cr 3 ’’stalline precipitates formed with chloro- 
auric and chloroplatinic acids appeared im- 


mediately, couldife filtered and dried rapidly 
and form the basis of a rapid method of 
identification and differentiation. The otlier 
crystalline precipitates which formed upon 
standing would add further evidence as to 
the exact amine causing the toxic symptoms 
or death. 

Where “Negative” appears in Table III, 
it should not be concluded that' no reaction 
occurred ivith the reagent, since the deriva- 
tives may have been formed^'but were too 
soluble to precipitate out of solution. The 
failure of Z-desoxyephedrine to give a pre- 
cipitate with mercuric chloride must be as- 
cribed, to p^sistent supersaturation of tlie 
system in the absence of the solid phase 
rather than to the greater solubility of the 
“Z”-isomer derivative. 


.SUMMARY 


1. A method has been described for tlie 
chemical identification and differentiation of 
the isomers of desoxyephedrine from each 
other and from twelve other sympathomi- 
metic amines. 

2. Four new derivatives of dZ-desoxy- 
ephedrine and three new derivatives of Z- 
desoxyephedrine have been described. 

3. Cliloroauric, chloroplatinic, and pic- 
ric acids were the most useful of the reagents 
employed with the syinpathomimetic amines 
because they gave crystalline precipitates 
having definite melting points. Further, 
they form these precipitates quickly and 
thus enable a rapid identification to be made. 
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A Graphical Calculator for Bioassays* 

By FRANK M. GOYAN and J. DUFRENOY f 


A new graphical calculator built as a. two- 
dimensional slide rule has been designed to 
expedite the plotting and reading of reference 
curves for bioassays. This device has been 
applied to the assay of penicillin using 
logarithmic scales for both the concentrations 
of pencillin and the diameters of the zones of 
inhibition. 

pENiciLLiN ASSAY by the standard cup- 
plate method is accomplished by es- 
tablishing the relationship between zone size 
(in mm.) and concentration of penicillin in 
Oxford units per cc. (u./cc.). Several in- 
vestigators have described graphical meth- 
ods of computing concentration from zone 
size based upon simple arithmetic functions 
(1-3). So-called penicillin slide rules now in 
common use are based upon this principle 
(4). 

In an attempt to obtain a linear function 
E. J. de Beer, M.JB. Sherwood (5), L. F. 
Knudsen, W. A. Randall (6), and C. I. Bliss 
(7) substituted log concentration for concen- 
tration. Knudsen and Randall stressed that 
‘‘It has been shown repeatedly at several 
laboratories that, for doses of penicillin 
equivalent to from 0.25 unit per ml. to 3 
units per ml. in each cup, there is a straight 
line relationship .between the diameter of the 
zone of inhibition and the logarithm of the 
dose. In other words, if the log of the dose 
is plotted against the diameter of the zone of 
inhibition,' the- points indicate a straight 
line.” Assuming this straight line relation- 
ship to-be valid, determination of potencies 
depends mainly on the determination of the 
slope of the line for two known dilutions of 
the standard and ' two corresponding dilur 
tions of the unknown . To that end Knudseh 
and Randall (6) published a chart for de- 
termining potency as per cent of standard 
from the .two-concentration plate method 
and Bliss (7) published charts for penicillin 
assay based on two test solutions for both 

• T..-,.--.. , .. .. Ti the Univereity of Cafi- 

■ rancisco, Calif. 

I ,de to Cutter Laboratories. 

. ■ .Tint in support of this re- 

search. and to Prof. Robertson Pratt for help in the prepara- 
tion of the manuscript. 


the standard and the unknown. One of us 
in connection with the study of a great num- 
ber of routine penicillin assays, found it ad- 
vantageous to plot log concentrations against 
log diameters:^ the “standard” curv'e is then 
represented by two straight lines, one slop- 
ing more steeply in the range from 0.5 u./cc. 
to 1.5 u./cc., and the other sloping less 
steeply from 1.5 u./cc. to 4 u./cc.^ Excellent 
agreement was obtained between concentra- 
tions read by standard methods (using a 
reference curve plotted on arithmetic paper) 
and those read from the logarithmic plot. 

Reading the zones from plates submitted 
to the “physical development” previously 
described (8) made it possible to graph the 
“log concentration-log diameter” reference 
cmrve as a straight line throughout the range 
from 1 to 8 u./cc. However, the use of 
commercially available logarithmic paper 
entails various difficulties. To remove these 
difficulties one of us devised a two-dimen- 
sional slide rule which performs the mathe- 
matical function of a special logarithmic pa- 
per, with the additional advantage (among 
others) that the dilution factors can be read 
directly (see scale 3 of Fig. 1) and the stand- 
ard zone sizes set up without redrawing the 
curve, simply by moving the panel F up or 
down in relation to the ordinate scale 0. 

DESCRIPTION OF APPARATUS 

The graphical calculator or two-dimensional slide 
rule shown in Fig. 1 was constructed as follows: 

A 14" X 12" piece of pl>nvood (F) is used as the 
support of the frame; the basal part of the frame 
consists of a slide rule, made by screwing on the 
14" X 12' piece of plywood two pieces of wood (G) 
which are beveled so as to form the groove in which 
the beveled ruler (5) slides freely; the sides of the 
frame (F) are made up each of a piece of beveled 
plywood, allowing a beveled panel (P) (also of ply- 
wood) to slide up and down. 

The ruler (0), bearing the ordinate scale, is secured 
to the ruler (5) by means of a T-shaped piece of 
brass which is built up to scrv'c as a handle for 


> For instance, in actual tests the slope vras calculaled as 
(log 23.5 ~ log 18.00)/(log 1.5 - log 0.5) - 0.2-1 for the 
steeper straight line in the range from 0.5 to 1.5 u./cc. and 
as (log 27.5 — fog 23.5J/(rog < — fog 1.6) “ 0.15 for the less 
steep straight line in the range from 1,5 to 4 u./cc. 
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sliding niler (B) and attached ordinate scale. To the 
basal part of the frame is then glued a strip cut 
from two-cycle log paper. This strip is wide 
enough to carrj’ two sets of graduations of the A 
scale. The upper divisions arc lettered in black 
from 0.1 to 10 u./cc.; directly below, the same 
divisions are lettered in red from 1 to 100 u./cc. 
Below these two logarithmic scales there might be 
added a corresponding linear scale to be used in other 
tj^pcs of calculations. 


native scales may be secured on the vertical ruler (0) 
in such manner tliat any one can be selected by fold- 
ing top ones back, like opening a book. A linear 
vertical scale may be used with equal success and 
would be in keeping with the recommendations of 
several, authorities (5-7) who have shown that log 
dose plotted against diameter of inhibition zone will 
give a linear relationship for results obtained with 
the standard cup-plate assay. However, this in- 
strument was developed for the new three-hour assay 






A matching strip of the two-cycle log paper is 
glued to the movable ruler (B). The first cycle 
should be lettered from 1 to 10 in red and the second 
cycle from 1 to 10 in black so that the operator may 
match color between scales A and B and thus avoid 
confusion in placing the decimal point. A cursor 
may be fastened to the brass connector so that the 
reading line falls at the beginning of the second 
cycle on scale B. 

To the vertical ruler is affixed a segment of a onc- 
cycle log scale so chosen that the slope of the cali- 
bration curve plotted on board (B) shall fall at an 
angle of approximately -15°. When using cups 8 
mm. in e.xtemal diameter the diameters of zones of 
inhibitions range from 10 mm. to .30 mm.; therefore, 
for this type of cup-platc assay the usable part of the 
scale ranges from 10 to 30 at most. However, alter- 


(8) and was found to work equally well with data 
obtainctl from the standard assay. The operation 
of the graphical calculator is not dependent upon 
strict linearity of the reference curve uor upon 
maintaining a log-log relationship between the 
vertical and horizontal scales. 

The drawing board (/’), to which minded paper is 
fastened with adhesive cellulose tape, must he ad- 
justed so that it can slide up and down over a suffi- 
cient range that, once a standard curve is estab- 
lished, it may' be shifted to accommodate daily 
variations in the size of the standard zone.’ 


* The curve or line maj* also be shifted !>>’ sJiKhtly rotating 
the paper about any axis when it is desiretl to make use of the 
"two standard method.” No mechanical aid lias been pro- 
vided in the present model to accomplish tliis. although a pm 
may l>e userl to eslalilish any desired axis of rotation. 
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The use of the calculator involves two steps: first, 
the plotting of a standard curve; second, reading 
concentrations of solutions under test from measured 
zone diameters. Once the reference curve is estab- 
lished it becomes an integral part of the calculator 
and may be used from day to day by sliding the 
panel P to the position indicated for the day by the 
size of tlie standard zone. 

To Plot a Reference Curve. — Set the origin (1 at 
beginning of second cycle) of movable scale B, to 
face any known value of u./cc. on scale A. Record 
corresponding observed values of diameters of zones 
of inhibition on ordinate scale 0, by marking a point 
on unruled paper attached to draudng board P.^ 
Repeat for each known value. Two examples of the 
plotting of typical reference curves are given below. 

Example 1 . — Using data from Table 1 plot the 
reference curve. 


Table'' I. — Average Results from Cot-Plate 
Assays”' 


Knowti Concentratioife 

Measured Zones 

of Penicillin, U./Cc. 

Diameters, Mm. 

0.25 

14.80 ± 0.16 

0.60 

18.47 ±0.14 

0.75 

20.43 ± 0.16 

1,00 

21.86 ± 0.13 

1.50 

23.59 ± 0.16 

• 2.00 

24.90 ± 0.16 

3.00 

26.50 ± 0.17 

4.00 

27.55 ± 0.19 


o Routine measurements made at Cutter Laboratories by 
the standard Oxford cup-plate method according to the speci- 
fication's of the Food and Drug Administration, using Staph, 
aureus F.V.A. strain No. 209P as the test organism. Each 
zone diameter represents an average taken from fifty daily 
standard curves. 

* The frame of the calculator is assembled with machine 
screws and can be adjusted so that board (P) has no tendency 
to slip accidentally while plotting a curve. 



Pig. 2. — Reference curve for standard penicillm 
assay. The dotted scales O' and O” are set, rtapcc- 
tively, for adjusting the instrument to a new staim- 
ard and for reading an unknown concentration. 
(See Table I and Examples 1 and 3 in text.) 


Secure paper to drawing board (P) which should 
be placed as shown in Fig. 1. AXove the origin of 
scale B (beginning of second cycle of scale B shown 
in Fig. 1) successively to the values given in the first 
column of Table I. For each position a pencil mark 
is placed directly under the corresponding zone 
diameter, estimated on scale 0. 

Figure 2 shows this curve as plotted on paper at- 
tached to board P ; the scale 0, at the extreme right, 
shows the position of this scale and the attached 
scale B after plotting data of Table I. 

Example 2. — Using the data from Table II plot 
the reference curve. 


Table II. — Average Results from US Physi- 
cally Developed Pe.vicilli.v Assay Plates 


Fenicinin, 

U./Cc. 

Observed 

Diameters of Zones of 
Inhibition Calculatedo 

0.50 

13.28 ± O.OS 


1.00 

14.91 ± O.OS 

14.93 

2.00 

16.23 ± O.OS 

16.16 

4.00 

17.30 ± O.OS 

17.45 

8 00 

18,93 ± 0.10 

18.87 


o Using Brst-degree orthogonal polynomials, as from Fisher 
and Yates, "Statistical Tables for Biological, Agricultural 
and Medical Research," through Anderson and Houseman 
(9), 
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Fig, 3. — Reference curve for three-hour penicillin 
assay. The dotted scale is set for the reading of an 
unknown solution producing a zone 1S.2G inm. in 
diameter. The concentration is seen to he 0 u./cc. 
Refer to Table If and Examples 2 and 4 of text. 


This curve is plotted by following the procedure 
outlined in Example 2. Figure 3 shons the com- 
pleted curve. 

To Determine the Potency of Solution under 
Test.~(a) t^Tien the proper reference curve is on 
board P. move the scale B until the origin appear.s 
directly opposite the reading on the A scale equal 
to the value of the concentration of the standard 
solution of the day. (h) Slide the drawing board 
E up or down to set the reference curve directly 
under the \-aInc of the diameter of the standard 
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zone as read on the ordinate scale O. (c) Slide mov- coincides with the line; read the required eoncentra- 


able ruler B left or right until the reference curve 
appears directly under the di\’ision of the scale O 
corresponding to tlie measured diameter of the inhi- 
bition zonp for the dilution under test. Then read 
u./cc. on scale .d opposite the proper, dilution factor 
on scale B. It will be noted that the use of dilution 
factors on scale B corresponds to simple multiplica- 
tion rrith the A and B scales of ordinary slide rules. 

ExampJe 3 . — Using the reference curve described 
in Example 1 and shown in Fig. 2 compute the con- 
centration of penicillin corresponding to a zone size 
of 22.25 mm. when the average zone diameter for 
cups containing 1 u./cc. on the same set of plates 
is 19.0 mm. 



methods of cup-plate assay for penicillin. A, 
standard sixteen-hour method; B and C, physical 
development method (8); B, three hours' penicillin 
diffusion on plates incubated with Staph, aureus; 
C, two hours’ penicillin diffusion on plates incubated 
with B. sublilis. The scales arc the same as those 
shown in Fig. 1. 

/ 

To make use of the unit zone given in Example 3 
move scale B so that the origin corresponds with 
1 u./cc. on scale A, then move board P so that the 
reference curve appears under 19.6 (position O', 
Fig. 2). Without further movement of board P 
slide scale B until 22.25 as estimated on scale O 


tion of 2 u./cc. opposite the origin of scale B (posi- 
tion O’, Fig. 2). 

Exaiuple 4 . — Using the reference curve mentioned 
in Example 2 and illustrated in Fig. 3 detennine the 
concentration corresponding to a zone diameter of 
18.26 mm. if a concentration of 1 u./cc. produces a 
zone of 14.9 ram. in diameter. 

Figure 3 shows the calibration curve plotted as 
described above, the unit concentration is set at 
14.93 which is practically equivalent to 14.9 so that 
it is not necessary to move board P to reset the 
standard, thus the concentration at 6.00 u./cc. is 
read directly by bringing scale 0 to the position 
shown in Fig. 3. If it is known, for example, that 
this solution was obtained by dilution, the value of 
the undiluted solution would be found opposite the 
known dilution factor. 


ADVANTAGES OF THE GRAPHICAL 
CALCULATOR 


The graphical calculator descilbed above has been 
in regular use in our laboratory since July, 1940, 
and has proved satisfactory for different types of 
assays. It has_been used effectively even when the . 
function to be treated was not linear. By selecting 
the proper ordinate scale and by placing it in such a' 
position that it is possible to cover any desired range, 
a variety of functions may be set up for the graphical 
computation of assays. Figure 4 shows three ex- 
amples of different calibration curves which can be 
used on the same sheet of paper. This device also 
serves nicely as a means of plotting and recording 
results for comparison and reference. 
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,A Graphical Calculator for Statistical Analysis* 

ByJ. DUFRENOY and FRANK M. GOYANt 

The graphical calculator originally developed for calculating penicillin concentra- 
tions from zone diameters in the three-hour cylinder-plate assay is shown to possess 
properties that recommend it for statistical analysis. By the introduction of two addi- 
tional scales, the instrument is fitted to test data for deviation from normal distribu- 
tion and to determine the mean and standard deviation from the mean of normally 
. distributed values. Examples are included to demonstrate the advantages of graphi- 
cal statistical analysis. A device for the semiautomatic plotting of data may be added 
. if desired. The instrument is also useful in calculating values of EDm from suitable 

data. 


'pHE GRAPHICAL calculator previously de- 
scribed as expediting the plotting of ref- 
erence curves for- bioassays (1) can be 
adapted to the plotting of various functions 
by introducing the proper graduations on 
the horizontal and vertical scales. For the 
purpose of elementary statistical analysis, a 
probability scale, which may be made from 
a strip cut from a sheet of commercially avail- 
able probability paper (2-4), is added as an 
additional horizontal scale, and a linear scale 
is provided for the vertical ruler. Thus 
equipped, the graphical calculator permits a 
direct visual test for deviations from normal 
distribution, together with direct reading-of 
the mean and a rapid estimate of standard 
deviation from the mean of data that may be 
assumed to be normally distributed. The 
standard error of the mean oir average 
(S.E.ay ) is obtained from the standard de- 
viation (v) by the use of the equation, 

(S.E.av.) = ff/Vn (I) 

where n represents the total number of quan- 
tities included in the average. 

The theoretical justification and the sig- 
nificance of this method of calculating sta- 
tistics are based upon well-established prin- 
ciples. The graphical calculator, modified 
as described above, exhibits the usual mathe- 
matical properties of arithmetic probability 
gfaph paper, which ' is commonly used in 
testing for normal distribution (3-5). Direct 
reading of mean values is possible because 
of the relationship between the mode of the 
normal distribution curve and the mid-point 

* Received Aug. 11, 1947, from the University of Cali- 

*®*7^|®* College of Pharmacy, San Francisco, Calif. ^ 

1 The authors arc indebted to the Cutter Laboratories. 
oYkeley, Calif., for a generous grant in support of this de- 

veiopment. 


of the probability scale. Values of the mean 
minus the standard deviation, and values of 
the mean plus the standard deviation, are 
read directly opposite two fixed points on the 
probability scale. The position of these two 
points lying near the 16 per cent and the 84 
per cent positions, respectively, is estab- 
lished from the fact that 68.27 per cent of 
normally distributed values fall symmetri- 
cally about the mean within the range estab- 
lished by values either greater or less than 
the mean by an amount equal to the stand- 
ard deviation. Values determined in tiiis 
way for the standard deviation are converted 
to the standard error of the average in the 
usual way; for example, as defined in the 
U. S. P. XIII monograph on Digitalis Tinc- 
ture (6). It can be shown that tliis defini- 
tion is equivalent to Eq. (I) by assuming 
that values of the standard deviation as read 
from the calculator are equivalent to values 
for the standard error, or the square root of 
the variance. The terms normal dislribuiion, 
standard error, standard deviation, and vari- 
ance are used in the sense established by 
modem treatises on statistical methods 
(7-9). 

Altliough the graphical calculator offers 
no theoretical advantage over a sheet of 
probability paper, it provides a definite 
practical advantage in addition to the ob- 
vious one of greater convenience in plotting. 
This advantage arises from tlie fact that it is 
possible to designate fixed positions on the 
probability scale for various total numbers 
of values to be included in an average. 
These positions may be marked on the scale, 
or a mechanism consisting of a spring-acti- 
vated plunger operating against a metal 
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guide may be attached to the instrument in 
such a way that any selected series of posi- 
tions on the probability scale is located 
automatically in the course of plotting the 
data. For relatively small populations, the 
only preliminaiA^ operation necessary to the 
operation of the instrument is to arrange the 
set of values to be studied in serial order, the 
smallest first, etc. Larger populations re- 
quire preliminary grouping unless it is 
deemed safe to consider portions of the popu- 
lations of values separately. 

CONSTRUCTION OF THE GRAPHICAL 
CALCULATOR 

The graphical calculator previously described for 
calculating the results of bioassays (1) is very easily 
modified for elementary statistieal analysis. The 
essential new features shown in Fig. 1 are the hori- 
zontal probability scale {A), the vertical linear scale 
(0). and the eursor (C). The log scales described 
previously as occupying positions A and B are 
omitted from the drawing for the sake of elarity of 
presentation, although it is not desirable to remove 
these scales when modifying the instrument. In- 
stead, the instrument is made to serve a double 
purpose by cementing a strip of probability paper 
below the log scales. The cursor (C) is provided for 
accurately reading the probability scale. 


The linear vertical scale is made by fastening a 
strip of millimeter paper, or any other suitable lin. 
car scale, to the vertical ruler (0). It is necessary 
to provide for the temporary marking of the nuincri- 
cal values chosen for the graduations on this scale 
because each new problem may require a different 
range of values. The simplest method, of course, is 
to write numbers on the scale in pencil and to erase 
them when necessary. This scale should be con- 
structed in a form that will permit it to be inter- 
changeable with one or more log scales, which may 
prove useful for a wide variety of calculations. 

Marking the Probability Scale.— In addition to 
the usual percentage values found on all probability 
scales, it is desirable to provide permanent or semi- 
permanent marks on the probability scale itself. 
These marks indicate th: position of the eursor (C) 
when plotting data or reading the mean, the mean 
minus the standard deviation, or the mean plus the 
standard deviation. Such marks are made at the 
50%, the 15.86%, and the 84.14% positions, re- 
spectively, to indicate the three reading posirions. 

The positions to be marked for plotting data may 
be calculated for each number of values likely to be 
encountered. Table I gives the location of these 
plotting points for odd total numbers of data from 
3 to 25, inclusive. Marked points for even numbers 
of values are not required because no serious error is 
introduced by skipping the mid-point while plotting ' 
even numbers of data by making use of the positions 
established for the next higher odd number. Cal- 
culations of the entries in Table I are based upon the 



Fig. 1 . — Top view of 
the graphical calcula- 
tor adapted for the de- 
termination of the 
mean and standard 
deviation of a scries of 
measurements as- 
sumed to be normally 
distributed. The in- 
sert T (not drawn to 
scale) shows the pat- 
tern of holes in a metal 
guide used to provide 
semi-automatic plot- 
ting. 
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idea of selecting the mid-point of the cumulative 
percentage range corresponding to each one of' the 
population ."et values under consideration. For 
e.\ample, out of a population of five values, the first 
value represents 20%, and the mid-point of the range 
is 10%: value is thought to occupy the 

range from 20% to 40%, the mid-interval being the 
, 30 % position; the next position is 50%, etc. Twelve 
separate lines below the main probability scale would 
be required^for marking the positions indicated by 
the columns of Table I, but if a color code is em- 
ployed, two lines can be consolidated with some 
sacrifice of clarity. Each line must be labeled to 
show what points are to be placed under the reading 
line of cursor C when plotting a set of data contain- 
ing the number of values indicated by the label. 


length of steel rod chosen so that it slides freely up 
and down through a piece of brass tubing which is 
forced through a perpendicular hole in the moving 
part (5), A slot is cut uirder the path of the plunger 
through the base of the calculator; horizontal move- 
ment of the sliding ruler (B) causes the rounded tip 
of the plunger to slide from one hole in the guide to 
the next, coming to rest in each successive hole of 
whatever horizontal line of the guide was selected. 
The tension of the coil-spring holding the plunger 
against the guide is so adjusted that the sliding ruler 
(B) comes to a stop each time the rounded end of the 
plunger comes to rest in one of the holes in the metal 
guide; slight additional pressure, tending to slide the 
ruler (B) , causes the plunger to progress horizontally 
to the next position. 

Scale for Plotting Odd Nusibers 


Table I. — Location of Successive Positions on the Probability 

OF Data in Groups of 3 to 25 


Serial 

No. 

3 

5 

7 

9 

11 

-Number 

13 

of Data— 
15 

17 

19 

21 

23 

25 

1 

16.7 

10.0 

7.1 

5.6 

4.5 

3.8 

3.3 

2.9 

2.6 

2.4 

2.2 

2.0 

2 

50.0 

30.0 

21.4 

16.7 

13.6 

11.5 

10.0 

8.8 

7.9 

7.1 

ois 

6.0 

3 

83.3 

50.0 

35.7 

27.8 

22.7 

19.2 

16.7 

14.7 

13.1 

11.9 

10.9 

10.0 

4 


70.0 

50.0 

38.9 

31.8 

26.9 

23.3 

20.6 

18.4 

16.7 

15.2 

14.0 

5 


90.0 

64.3 

50.0 

40.9 

34.6 

30.0 

26.5 

23.7 

21.4 

19.6 

18.0 

6 



78.6 

61.1 

50.0 

42.3 

36.7 

32.3 

28.9 

26.2 

23.9 

22.0 

7 



92.9 

' 72.2 

59.1 

50.0 

43.3 

38.2 

34.2 

31.0 

28.3 

26.0 

8 




83.3 

68.2 

57.7 

50.0 

44.1 

39.5 

35.7 

32.6 

30.0 

9 




94.4 

77.3 

65.4 

56.7 

50.0 

44.8 

40.5 

37.0 

34.0 

10 





86.4 

73.1 

63.3 

55.9 

50.0 

45.2 

41.3 

38.0 

11 





95.5 

80.8 

70.0 

61.8 

65.2 

50.0 

45.6 

42.0 

12 






88.5 

76.7 

67.7 

60.5 

54.8 

50.0 

46.0 

13 






96.2 

83.3 

73.5 

65.8 

59.5 

54.4 

50.0 

14 • 







90.0 

79.4 

71.1 

64.3 

58.7 

54.0 

15 




‘ 



96.7 

85.3 

76.3 

69.0 

63.0 

58.0. 

16 








91.2 

81.6 

73.8 

67.4 

62.0 

17 








97.1 

86.9 

78.6 

71.7 

66.0 

18 









92.1 

83.3 

76.1 

70.0 

19 









97.4 

88.1 

80.4 

74.0 

20 . 










92.8 

84.8 

78.0 

21 










. 97.6 

89.1 

82.0 

22 








. .r 



93.5 

86.0 

23 











97.8 

90.0 

24 












94.0 

25 












98.0 


Mechanism for Automatic Plotting. — -Table I was 
used in preparing the metal guide shown in the insert 
(P) of Fig. 1. The pattern of dots represents holes 
drilled in a piece of sheet brass at positions deter- 
mined by plotting entries in Table I on probability 
paper cemented to the brass; , each column was 
plotted on a separate horizontal line. By means of 
springs, the guide is held in contact with the under 
surface of the calculator directly under the plunger 
(S) in such a way that its longer dimension is parallel 
lo the probability scale. It may be moved forward 
or backward in a direction perpendicular to the scale. 
An extension of this metal guide (not shown) is 
provided with holes that engage pins secured to the 
base of the calculator. This precaution eliminates 
the possibility of a shift in the position of the guide 
once it has been properly placed as determined by 
an auxiliary scale attached to the extension. 

The plunger (S) is constructed from a short 


USE OF THE GRAPHICAL CALCULATOR 

Treatment of Data Without the Use of Table I. — 
The first step in using the graphical calculator is to 
arrange all of the values to be studied as a single 
group, in serial order of increasing or decreasing mag- 
nitude. It is a well-known property of the normal 
distribution that, out of one hundred values serially 
arranged, the first and last sixteen will normally 
have values that deviate from the mean by amounts 
equal to or greater, than the standard .deviation. 
As an example, measured diameters of one hundred 
inhibition zones produced by the action of penicillin 
solutions of unit concentration in the standard 
cylinder-plate assay are serially arranged in Table 
II. The fiftieth value is 21.50 which corresponds 
to the vidue of the arithmetic mean (21.51). The 
sixteenth value is 20.75 which agrees with the value 
20.76 calculated by subtracting the value of the 
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standard error (computed by conventional methods) 
from the mean. The eighty-fifth value is 22.25 
which is in agreement with the value calculated by 
adding the standard error to the mean. 

The selection of one hundred measurements was 
made to illustrate some of the properties of the 
probability scale. For one hundred measurements, 
each measurement accounts for 1% on the prob- 
ability scale, although the actual point is placed at 
mid-inteiamls. For e.xample, the first point is plotted 
at a position corresponding to the 0.5% division on 
the probability scale. The second point is plotted 
to correspond to the 1.5% position; the fiftieth 
point, to the 49.5% position; etc. This principle 
may be applied to any number of points after com- 
puting, from the serial number of each point, the 
corresponding percentage value. The method of 
making this calculation is discussed in connection 
with Table I. 


Table II. — Diameter ( x ) of 100 Inhibition Zones 
Produced by Penicillin Solutions of Unit 
Concentration in the Standard Cylinder- 
Plate Assay"* 


X Mm. 

X Mm. 

X Mm. 

X Mm. 

19.70 

21.10 

21.50 

21.90 

19.80 

21.15 

21.50 

21.95 

19.90 

21.15 

21.55 

21.95 

20.10 

21.15 

21.55 

21.95 

20.20 

21.20 

21.55 

22.00 

20.30 

21.20 

21.55 

22.00 

20.40 

21.25 

21.60 

22.00 

20.50 

21.25 

21.60 

22.10 

* 20.55 

21.30 

21.60 

22.20'' 

20.55 

21.30 

21.65 

22.25 

20.60 

21.30 

21.65 

22.25 

20.65 

21.35 

21.70 

22.30 

20.65 

21.35 

21.70 

22.35 

20.70 

21.35 

21.70 

22.40 

20.75 

21.35 

21.75 

22.45 

20.75^ 

21.40 

21.7^ 

22.50 

20.80 

21.40 

21.75 

22.55 

20.85 

21.45 

21.80 

22.55 

20.85 

21.45 

21.80 

22.70 

20.85 

21.45 

21.80 

22.80 

20.85 

21.45 

21.85 

22.90 

20.90 

21.50 

21.85 

22.95 

20.95 

21.50 

21.85 

23.20 

21.10 

21.50 

21.90 

23.30 

21.10 

21.50= 

21.90 

23.40 


® Random selection from routine assays serially arranged. 
Data from 4 consecutive months. Cutter Laboratories. 

* lOth yalue. * 50th value. ** 84th value 


The first step in plotting the points corresponding 
to the zone diameters listed in Table II is to mark 
the linear vertical scale (0) in the manner indicated 
by the ordinate scale shown in Fig. 2, and to secure 
a piece of paper to the drawing board of the instru- 
ment. The vertical scale moves with the cursor (C) 
which is placed so its reading line coincides with the 
0.5% position on the probability scale; the first point 
is plotted opposite a division of the vertical scale 
corresponding to a zone diameter of 19.70 mm. Each 
successive point is plotted from Table II in the same 
manner at intervals of 1% on the probability scale; 





Fig. 2. — Graphical determination of the mean and 
standard deviation of the diameter of 100 inhibition 
zones from the standard cylinder-plate assay ot 
penicillin solutions containing 1 unit/cc. The ab- 
scissa represents the probability scale; the ordinate, 
zone diameters (mm.). 


the second point, at 1.5%; the third, at 2.5%J the 
next, at 3.5%; etc., up to 99.5% on the probability 
scale. 

The best fitting straight line is drawn through the 
points as shown in Fig. 2. The cursor is set opposite 
the 50% division on the probability scale for the 
purpose of reading the mean value at the inter- 
section of this line with the vertical scale. From 
Fig. 2 it may be observed that the value of the mean 
is read at 21.5 mm. The cursor is then set above the 
reading mark near the 16% graduation of the prob- 
ability scale, and the corresponding value of the 
mean minus the standard deviation is read on the 
linear scale as 20.8 mm. Therefore, the value of the 
standard deviation from the mean is 21.5 — 20.8, or 
0.7 ram. A similar reading is made when the cursor 
coincides with the reading mark near the 84% divi- 
sion of the probability scale, and tlie value of 22.2 
mm. is noted. This checks the previous reading, and 
it will be observed that the standard deviation from 
the mean is one-half of the difference between the 
84% reading (22.2) and the 16% reading (20.8). 

Treatment of Data with the Aids Derived from 
Table I.— -The use of Table I eliminates the need for 
calculating positions on the probability scale for cacli 
successive value in a series. For odd numbers of 
data less than 26, percentages found in the table 
may be used directly, and for even numbers the per- 
centages'chosen from the column referring to the 
next highest number are used with the omission of / 
the mid-point of scale (50% division) in plotting. 
For numbers of values greater than 25, it has been 
found convenient to group the dat.a so as to supply 
25 or fewer groups. Proper grouping is necessary m 
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order to facilitate plotting with the aid of Table I 
or the automatic guide described above, and group- 
ing errors can be minimized by selecting as large a 
number of groups as practicable. 

In every case it is necessary to arrange the data 
in serial order of increasing or decreasing magnitude 
before grouping. Serial arrangement may be con- 
veniently accomplished by tabulating the data in 
vertical columns covering the range of the values. 
Only the last figure of each value need be tabulated 
in its proper column at an appropriate relative 
position that provides space to arrange all values 
that may accumulate in the column. 



Fig. 3. — Graphical determination of the mean and 
standard deviation of the iodometric determinations 
of penicillin reported by Mundell, et al. (10). Open 
circles represent averages of 15 groups of 4 values 
each; dark circles represent every third value, begin- 
ning with the second, taken from the same data 
after serial arrangement. Per cent recovery of 
penicillin is plotted against reading points auto- 
matically selected by the instrument. 


For the purpose of illustration, the sixty com- 
parative assays of crystalline penicillin G by iodo- 
metric titration given by Mundell, Fischbach, and 
Eble (10) were sdected for study. Two general 
methods of grouping are illustrated in Fig. 3, where 
the open circles represent 15 points plotted from the 
averages of groups of four values sdected after serial 
arrangement. The black cirdes represent 20 values 
sdected by taking every third value beginning with 
the second in the serially arranged list of values. 
It will be noted that both methods are in agreement, 
and that, for the most part, the data are normally 
distributed. The few points that fail to fall on the 
straight line are given little weight in fitting the line 
from which the mean is read as 99.93, a value doser 
to the theoretical 100% recovery than the value of 
99.82 obtained by Mundell, el ah, by conventional 
methods. A diSerence between the arithmetic 
mean and the value of the mean obtained from the 
best visual fit to the straight line indicating normal 
distribution is to be expected if some of the values 
are given little wdght because they do not fall on the 
normal distribution curve. For the same reason. 
Values for the standard deviation are slightly smaller 


than those calculated in the usual way (in this case, 
1.11 instead of 1.20). 

Use of a Vertical Logarithmic Scale.— The calcu- 
lator is so constructed that a logarithmic scale may 
be used interchangeably- with the linear vertical 
scale for the purpose of studying data that are best 
handled by means of logarithmic probability paper 
(3, 5), such as the plotting of log dose of a poison 
against the percentage of test organisms succumbing 
(11, 12). A straight line, visually fitted to such a 
plot, permits a direct estimate of LD^ from the point 
where the line intersects the vertical log scale when 
the reading line of the cursor coincides with the 
mid-point of the probability scale. LDn may also 
be read by setting the cursor over the 95% position 
on the probability scale. While this method is not 
as highly refined as methods developed for the use 
of the probit scale (8, 13), it has the advantage of 
simplicity and speed. A probit scale may be drawn 
for use as an auxiliary probability scale if desired. 
To construct such a scale, the reading point near the 
16% position on the probability scale, described 
above, is probit 4; the 50% division is probit 5, and 
the remaining reading point (84.14%) is probit 6. 
Equal subdivisions and linear extensions complete 
the probit scale. 

SUMMARY AND CONCLUSIONS 

The graphical calculator provides a prac- 
tical way of making use of the known mathe- 
matical properties of arithmetic probability 
paper in testing for deviations from normal 
distribution and in estimating the mean and 
the standard deviation from the mean. 
Equipped with a vertical log scale, the in- 
strument may be used to advantage in esti- 
mating other statistics (i.e., LDsa). In 
general, the graphical calculator may be 
thought of as providing a rapid visual esti- 
mate of quantities that may later require 
more refined analysis. In testing for sig- 
nificance, for example, it is important to use 
the values obtained from the graphical cal- 
culator with the same degree of caution that 
would be applied to the use of the same 
values calculated in any other way. How- 
ever, there can be no doubt that the data 
plotted in Fig. 3 are much more illuminating 
than pure analytical calculations because 
of the clear demonstration of their rela- 
tion to normal distribution. 

This’ example illustrates the importance of 
the geometrical vs. the arithmetical approach 
in statistical analysis, emphasised by Tre- 
loar (14). by the inclusion of the following 
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quotation from Francis Galton : “It is al\va5’’S 
well to retain a clear geometric view of the 
facts when we are dealing with statistical 
problems, which abound in pitfalls, easily 
overlooked by the unwar}% while they are 
cantering gaity along upon their arithmetic." 
Rissik (3) makes the same point more 
directly in tlie statement: "The advantages 
attaching to the use of probability graph 
paper in the solution of statistical problems 
involving a determination of the mean and 
standard deviation of a series of quantitative 
data are so great that, in the author’s opin- 
ion at any rate, the graphical method is 
nearly always to be preferred.” 
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The Solubilization of Quinine by Bile Salts* 

By S. MUKHERJEE and R. P. BANERJEEf 

From turbidimetric titrations of bile salts with quinine and turbidity-concentration 
curs’es of colloidal solutions of quinine-dehydrocholic acid and tauroglycocholic 
acid complexes, it has been concluded that solubilization takes place through the 
formation of micelles composed of quinine and bile salts. Two types of micelles 
are envisaged; primary micelles built up by the association of quinine with bile salt 
molecules or with very small micelles; and secondary micelles formed of quinine 
molecules and large micelles of bile salts. The primary micelles are easily djffusible 
while secondary micelles form irreversible precipitates. Solubilization is accom- 
panied with the formation of primary micelles. This would explain the difference in 
solubilizing powers of sodium dehydrocholate and tauroglycocholate. 

According to the hypothesis put forward by 
these authors, solubilization is effected by 
the sorption of the insoluble substance on the 
micelles of the detergent solution. Thus, the 
greater the micelle-forming ability of a de- 
tergent, the greater would be its solubilizing 
power. Roepke and Mason (4) have re- 
cently shown that, above a certain "critical’’ 
concentration, solutions of bile salts also 
contain micelles, and these can tlierefore be 
regarded as colloidal electrolytes. 

Mukherjee, Banerjee, and Basu (5) liav'c 
shown that bile salts can solubilize quinine 
under favorable conditions. When a solu- 
tion of quinine salt is added gradually to an 
alkaline bile salt solution, a stable colloidal 
solution is formed, so long as the mixture 
remains alkaline and the molar ratio of qiii- 


Tt has long been known that bile salts can 
render water-soluble many water-in- 
soluble substances, e.g., fats,, fatty^ acids, 
alcohols, ethers, etc. The mechanism by 
wliich tliis solubilization takes place has 
evoked much interest. The earliest hypothe- 
sis for explaining this phenomenon is the 
“choleic acid principle” of Wieland and Sorge 
(1), which postulates the formation of solu- 
ble co-ordination complexes of these sub- 
stances witli the bile salts. It appears from 
tlie recent work of McBain and co-workers 
(2, 3) that solubilization can also be brought 
about by many other detergent substances 
which can be classed as colloidal electrolytes. 

• Recetvwl Jan. 20, 1947, from the Bengal Immunity Re- 
search Laboratory'. Calcutta. India. 

t The authors wish to thank Dr. U. P. Basu for his interest 
in this work. 
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nine to the bile add does not exceed about 
1:4. When such a colloidal solution is dia- 
lyzed in a bag of cellophane, swollen in 64 
per cent zinc chloride solution, both the 
quinine and the bile acid can diffuse out into 
tie dialysate. An investigation of the nature 
of this colloid and the mechanism of the solu- 
bilization appeared to be of interest. 

EXPERIMENTAL 

Turbidimetric titrations of sodium dehydro- 
cboiate and tauroglycocEolate with quinine were 
carried out in the following manner: To 25 ml. of a 
0.0468 M solution of either the dehydrocholate or the 
tauroglycocholate was added gradually a 0.068 M 
solution of quinine hydrochloride, and the change in 
the turbidity of the resulting mixture was followed 
using a Klett-Summerson photoelectric colorimeter. 
The titration curves are shorvn in Fig. 1. 





Milligrams of quinine added 

0 = Sodium dehydrocholate. A “ Sodium tauroglyco- 
cholate 

Fig. 1. — ^Turbidimetric titrations with quinine hydro- 
chloride. 


A study was also made of the changes of turbidity 
of these colloids with dilution. The respective col- 
loidal solutions were prepared by gradually adding 
8.5 ml. of a 0.068 M solution of quinine hydrochloride 
to 50 ml. of a 0.0468 M solution of sodium dehydro- 
cholate or tauroglycocholate. The colloidal solu- 
tions thus obtained were diluted with water to differ- 
ent extents, and the diluted solutions were set aside 
for two hours, with frequent stirring, before taking 
readings in the photoelectric colorimeter. The 
turbidity-concentration curves have been shorni in 
Fig. 2, the concentrations being expressed as per- 
centages of the undiluted colloids. 


The initial lag in the quinine-dehydrocholate titra- 
tion curve (Fig. 1) indicates that micelle formation, 
leading to turbidity, takes place only after a limiting 
concentration of the complex is reached. The num- 
ber of micelles increases with further increase in the 
concentration of quinine. Again, dilution of quinine- 
dehydrocholate colloid (Fig. 2) is attended by a 



Concentration (% of the original solution) 

O ** Quinine + Sodium dehydrocholate colloid ^ 
A “ Quinine 4* Sodium tauroglycocholate colloid 


Fig. 2. — Turbidity-concentration curves of quinine 
-b bile salt colloids. 


regular, almost linear, fall in turbidity, the solution 
becoming practically clear and free from micelles 
when the concentration is about 30% of the original. 
These results indicate that the micelles of the 
quinine-dehydrocholate complex, obtained as above, 
possess a reversible-equilibrium solubility, as would 
be expected of a true colloidal electrolyte. 

The observations of Mukherjee, Banerjee, and 
Basu (5) that, during dialysis of the colloids, quinine 
and bile salt diffuse out through the membrane 
simultaneously, and that the first day’s dialysate 
also becomes turbid, give support to the view that 
the solubilization of quinine is effected by the 
formation of micelles (containing both quinine and 
the bile acid) which can penetrate the membrane. 

McVain, Merrill, and Vinograd (2), working with 
the water-insoluble dye. Yellow AB (phenylazo-2- 
naphthylamine) , found that sodium dehydrocholate 
had no solubilizing action on this dye, while sodium 
cholate, taurocholate, and deoxycholate possessed 
marked solubilizing power. They explained the 
difference on the basis of differences in the micelle- 
forming abilities of these bile salts. 

Work in this laboratory (5) has shown, however, 
that both sodium dehydrocholate and tauroglyco- 
cholate can solubilize quinine, and that the dehydro- 
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dressing, especially when used on exposed areas, as 
for impetigo. 

Reapplication of Furacin Soluble Dressing may be 
made as often as four times daily for such conditions 
as impetigo, to once or twice daily, or even less often, 
for wounds and biums. 


SUMMARY 

The antibacterial power of compounds 
containing the fman nucleus is markedly 
increased by addition of a 5-nitro group. 

Nitrofurazone (Furacin) is the first nitro- 
furan to be made available for clinical use. 
It is either bacteriostatic or bactericidal to a 
wide range of organisms, including both 
Gram-negative and Gram-positive bacteria, 
both in vitro and in vivo. It has low sys- 
temic and local toxicity. Sensitization may 
be encountered. 

Furacin is now available as Furacin 
Soluble Dressing for the topical treatment of 
wound and surface infections. 
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Book Review 


Bacteriology — Laboratory Directions for Pharmacy 
Students, Second Edition. Edited by Milan 
Novak and Esther Meyer. C. V. Mosby Com- 
pany, St. Louis, Mo., 1947. 248 pp. 26.5 x 19. 
cm. Price S2.75. 

This outline was designed to present a systematic 
introduction of laboratory procedures to be used by 
beginning students in the study of bacteriology. 
Since time is an important factor in dealing with 
living things, it is imperative that the schedule used 
in the daily study of microorganisms be carefully 
planned in advance. This is particularly true when 
the work of two or more days must overlap due to the 
slow rate of multiplication of many bacterial and 
mold species. 

This book presents detailed instructions of tech- 
niques to be followed throughout an entire labo- 
ratory course in bacteriology. In all, thirty-six 
sections, or periods, covering the various phases of 
handling bacteria, their significance in infections, 
differential diagnostic methods for identifying bac- 
teria by stains, media, serologj', etc., are presented 
in exacting details. Consideration is also given to 
the more recent advancements made in bacteriology 
to include the effects of sidfa drugs, antibiotics, and 
antiseptics on microorganisms. Details and inter- 
pretations of test procedures involving sterility test- 
ing of pharmaceutical preparations, fungicidal and 
fimgistatic tests on ointments, powders and liquids 


as well as microbiology of food and pharmaceutical 
syrups are timely subjects which should prove to be 
of valuable interest to pharmacy students. 

While the outline may be considered a complete 
presentation of laboratory methods, the reviewer 
questions the desirability of including discussions of 
various phases of bacteriology in reference to tlieo- 
rics, historical development, definitions, etc. These 
points are often interspaced in the daily outline of 
laboratory directions, thereby requiring time to read 
and pick out the essentials assigned for the day’s 
program. Since reference is made in the introduc- 
tory chapter to the effect that the laboratory work 
is to be regarded as a supplement to regular didactic 
lectures and frequent demonstrations, it would ap- 
pear more desirable to discuss the general principles 
of bacteriology at these meetings. 

It is also anticipated that each student will per- 
sonally have the opportunity to prepare at least one 
bacteriological medium throughout. In addition, 
the principles of sterilizing by autoclaving, dry heat, 
or filtration can only be impressed upon the student 
by his own participation in these procedures. 

In general, the outline is a complete one and 
should prove to be a valuable aid to the teaching of 
laboratory bacteriology', not only to pharmacy stu- 
dents, but to medic.al students as well. A novel 
feature of the manual is the modern loose-leaf plastic 
binding which permits removal or reinsertion of 
pages when necessary. — C. A. Lawrence. 
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Thyroid Function and the Duration of Sodium 
Pentobarbital Anesthesia* 

By H. E. EDERSTROM 

Thyroidectomy in adult female rats lengthened the duration of sodium pentobarbi- 
tal anesthesia. Thyroid administration to normal rats did not change significantly 
the length of anesthesia. Thiouracil feeding failed to change the length of the anes- 
thetic period. In dogs, thyroidectomy had no significant effect on the duration of 
pentobarbital anesthesia. Thyroid treatment of thyroidectomized dogs did not alter 

the length o{.anesthesia. 


Ceveral agents have been described as 
antagonistic to barbiturate anesthesia, 
among them being drugs of the sympatheti- 
comimetic type.- Westfall (1) reported the 
antagonistic effect of epinephrine on sodium 
pentobarbital anesthesia, and Freireich and 
Landsberg (2) recommended amphetamine 
for barbiturate poisoning. On the other 
hand, depressing agents, such as cold suf- 
ficient to lower body temperature, have been 
found to prolong the effects of barbiturate 
action by Raventos (3), Gaylord' and Hodge 
(4), and Fuhrman (5). 

These findings suggest tliat the general 
state of body metabolism may be a factor in 
determining the length of the sleep pro- 
duced by this group of drugs. Rowbottora 

* Received May 8, 1947, from the Department of Ph 5 'si- 
and Pharmacology, University of Mis’^ouri School of 
Medicine, Columbia. Mo. 
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(6) implied that tliyroxine could be used to 
counteract barbiturate toxicity, but Scar- 
borough (7)- reported that no significant 
change in the sleeping time of rats given 
pentobarbital could be produced by feeding 
the animals 0.03 Gm. desiccated thyroid 
daily. In view of these conflicting state- 
ments, it was considered that the role of 
thyroid in barbiturate anesthesia should be 
investigated further. 

EXPERIMENTAL 

Rats. — The methods used to alter thyroid func- 
tion in rats were thyroidectomy, thyroid feeding, 
and thiouracil feeding. A total of 38 female and 16 
male rats four months of age or older were thyroid- 
ectomized. Fourteen days or more postoperatively 
these were given intraperitoneal injections of 25 
mg./Kg. sodium pentobarbital at intervals of one 
week or longer. Controls of comparable age and sex 
were injected with the same dose. Termination of 
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the sleeping period was recorded when the rat volun- 
tarily righted itself from tlie inverted position. 

Th>Toid-fed rats were given daily about 50 mg. 
desiccated tlijToid (Parke-Davis, 50%. stronger 
than U. S. P.) in a sugar solution administered or- 
ally. This dose of thjToid was reported by Warken- 
tin, ci of. (S) to increase the B. M. R. of rats 30% to 
50%. After sixteen days of this regimen injeetions 
of pentobarbital were begun, and thyroid feeding 
continued throughout the experiment. Thiouraeil- 
fed rats were given 0.1% of the drug in the diet for 
twenty-eight da 5 's prior to, and throughout the 
period of barbiturate injections. This concentration 
of thiouracil given in drinking water was found to 
depress the B. M. R. of rats 23.7% in fourteen days 
by Reineke, Mixner, and Turner (9) . 

Dogs. — second series of e.xperiments concerned 
the influence of thjToid function on the length of 
pentobarbital-induced sleep in dogs. One male and 
5 female adult mongrels weighing from 5.3 to 11.7 
Kg. were used. The dogs were kept indoors and fed 
a diet of commercial dog food throughout the course 
of the investigation. During the anesthetic period 
the animals were kept at room temperatures varying 
from 22 ° to 27 The termination of sleep was more 
diSicult to establish in the dog than in the rat be- 
cause of the long semiconscious state persisting after 
the deep anesthetic effect had worn off. Conse- 
quently, the end of the sleeping period was set ar- 
bitrarily at the time when the dog had regained suf- 
ficient coordination to walk on a polished floor. 


One male and three female dogs were tlijToidce- 
tomized, and permitted about four weeks' postoper- 
ative recovery. Intraperitoneal injections of 32.5 
mg./Kg. sodium pentobarbital were then given 
weekly for seventeen consecutive weeks. The drug 
was then discontinued for several weeks, following 
which 65 mg. desiccated thyroid per day was adminis- 
tered orally. After one week of thyroid treatment, 
injections of pentobarbital were resumed for ten 
consecutive weeks, during which thyroid adminis- 
tration was continued. 

Two normal female dogs were given 17 consecu- 
tive injections of pentobarbital at weekly intervals 
as described above. These animals were then thy- 
roidectomized and permitted to recover about four 
weeks postoperativcly. Pentobarbital injections 
were then given weekly for ten consecutive times. 

RESULTS 

Rats. — Table I summarizes the data obtained 
from the experimental and control rats. The thy- 
roidectomized females show the greatest change, 
the average sleeping time in these being prolonged 
over that of the controls by twenty-one minutes. 
These data were treated statistically and the stand- 
ard error of the difference beriveen the two means 
determined by methods described by Davenport 
and Ekas (10). The difference between the means 
exceeded twice the standard error of the difference 
by about 17%, suggesting that a true difference ex- 
isted in the duration of anesthesia between experi- 


Tadle I. — Duration of Pentobarbital Anesthesia in Rats 


Total No. Total No. Average Sleepiog Standard Error 

Condition of of Rats of Trials Time Mean Difference of Difference 


Animals 

Alale 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Thyroidectomized 

16 

38 

42 

105 

122 

167 

18 

21 

10.82 

8.55 

Controls 

14 

25 

30 

59 

104 

146 





Thyroid fed 

0 

13 

0 

29 

0 

121 


i6!i 


12!58 

Controls 

0 

9 

0 

23 

0 

131 





Thiouracil fed 

0 

29 

0 

83 

0 

154 


14!o 


9.’ 07 

Controls 

0 

9 

0 

29 

0 

140 






Fig. 1. — Solid line shows average sleeping time of 4 dogs after thyroidectomy. Dotted line shows sleeping 
time of same dogs during administration of 65 mg. thyroid per day. 
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Fig. 2. — Solid line shows average sleeping time of 2 dogs before thyroidectomy. Dotted line shows sleeping 

time of same dogs postoperatively. 


mentals and controls. The operated males likewise 
slept slightly longer than controls, but application 
of the statistical procedure above disclosed that no 
significant difference existed between means of the 
operated and control rats. Thyroid-fed females did 
not sleep quite as long as the controls, but here 
again statistical treatment failed to disclose a signi- 
ficant difference. The mean of thioiuacil-fed 
females suggested that these slept longer than con- 
trols, but statistically this could not be established 
as a true difference (Table I). 

Dogs. — The graph in Fig. 1 compares the sleeping 
time of four thyroidectomized dogs with that found 
in the same dogs during thyroid administration. 
Although a decrease in sleeping time appears to ac- 
company thyroid feeding, this difference can be as- 
cribed to barbiturate tolerance developed in the 
course of the experiment. This is indicated by the 
fact that the graph of sleeping time during thyroid 
administration continues at about the same level as 
the last few trials previous to hormone feeding. 
Ettinger (11) reported a similar tolerance to pento- 
barbital in dogs. 

The graph in Fig. 2 shows the average duration of 
pentobarbital anesthesia in two normal dogs com- 
pared with that found in the same animals after 
thyroidectomy. No significant difference is indi- 
cated by these data. 

DISCUSSION 

Since the thyroid gland controls metabo- 
lism to a considerable degree, changes in 
its function could be expected to -influence 
organs involved in the detoxification and 
excretion of pentobarbital. However, only 
in thyroidectomized female rats could a 
significant difference in the length of action 
of pentobarbital be demonstrated. Thy- 


roidectomy, thiouracil feeding, and thyroid 
administration did not produce marked 
changes in the duration of pentobarbital 
anesthesia in the other experiments. 


SUMMARY 


1. Thyroidectomy in female rats tended 
to prolong the sleeping period resulting from 
sodium pentobarbital administration. 

2. Thyroidectomy in male rats did not 
significantly alter the length of the sleeping 
time. 

3. Administration of thyroid to rats did 
not significantly alter the period of sleep in- 
duced by pentobarbital. 

4. Thiouracil feeding did not influence 
sleeping time to any significant degree. 

5. In dogs, neither thyroidectomy nor 
thyroid administration to the operated dogs 
had any appreciable influence on the length 
of sleep induced by sodium pentobarbital. 
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The Preparation of l-Diethylamino-2- (2,4,6- 
T riio dophenoxy) e thane Hydrochloride * 

By ALFRED BURGER 


'^IIE DRUG l-diethylamino-2-(2,4,G-tri- 
iodophenoxy)ethane hydrochloride, first 
synthesized in our laboratory (1), has been 
the subject of a number of metabolic, tox- 
icity, and chemotherapeutic studies (2) 
under the code name of B-9. It showed 
promising activity in experimental tubercu- 
losis (2) and had the most favorable pharma- 
cological properties in an extended se'-ies of 
compounds of related structure (3). 

On several occasions the author has had 
to prepare considerable batches of the drug 
to supply physicians for preliminary clinical 
trials. Since a number of agencies have 
recently expressed interest in testing the 
drug it appears advisable to compile revised 
directions for its preparation, incorporating 
the experiences obtained in larger runs. 

The success of the Williamson t3T3e con- 
densation described below depends largely 
on the use of pure starting materials and the 
avoidance of overheating in the various 
phases of the reaction, 

EXPERIMENTAL 

/3-DiethyIaminoethyl Chloride Hydrochloride. — 
In a 2-L. three-necked flask equipped with a sc.aled 
mech.anical stirrer, dropping funnel, and reflux 
condenser connected to a gas trap place a mixture 
of 200 Gm. of ^-diethylaminoethanol and 300 cc. of 
dry benzene. Cool in a freezing mixture, and drop 
a solution of 262 Gm. of thionyl chloride in 200 cc. of 
dry benzene into the stirred mixture over a period 
of three to four hours. Remove the ice bath, place 
the flask on a steam bath, and heat the mixture to 
reflux for four hours, maintaining stirring as long 
as the accumulating thick mass of crystals will per- 
mit. 

Cool the mixture, filter the hydrochloride with 
suction, wash it several times with cold acetone, and 
finally with a mixture of one part acetone and one 
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part ether. Dry well in a vacuum desiccator and 
recrystallize the salt from about 400 cc. of ethanol. 
Continue recrystallizing until the melting point of 
the now nonhygroscopic salt reaches 207-208°. 
The yield of purest salt is 100 Gm. or better. 

Additional fractions of lesser purity may be ob- 
tained by concentration of the mother liquors and 
used for other purposes. Only the best material 
should be used in the next step. 

1 - Diethylamino - 2 - (2,4,6 - Triiodophenoiy)- 
ethane Hydrochloride (B-9). — Prepare a solution 
of 19.0 Gm. of clean sodium in 450 cc. of 99% meth- 
anol, and dissolve in -it 190 Gm. of pure 2,4,6-tri- 
iodophenol. As soon as this compound has dissolved, 
add a solution of 70 Gra. of jS-diethylaminoethyl 
chloride hydrochloride in 150-200 cc. of methanol 
with mechanical stirring. Sodium chloride pre- 
cipitates immediately. Stir and reflux for two and 
one-half to three hours and stop heating at the first 
sign of definite darkening. Remove the solvent at 
50° under 12-15 mm. pressure and treat the yellow, 
semisolid residue with alkaline water. Extract the 
base into several liberal portions of ether, combine 
the ether extracts, and wash them with several por- 
tions of 5% sodium hydroxide solution and with 
water until all iodinated sodium phenolates have 
been removed. Dry the ether solution over anhy- 
drous sodium sulfate, filter, and evaporate the 
solvent at 35-40°, carefully avoiding overheating 
the residua] pale yellow oil. 

Dissolve the oily base in good acetone without 
delay, add neutralize with absolute cthanolic hy- 
drogen chloride to Congo-blue reaction. The salt 
(B-9) crystallizes soon. If necessary, some etiicr 
may be added to induce crystallization. 

Filter the drug, wash it with a mixture of acetone 
and ether, and recrystallize from methanol and a 
little acetone four to six times without prolonged 
wanning. The last mother liquors must be colorless. 
Wash the salt with acetone and finally with etlier. 
The colorless crystals melt at 196° (decomp.) with- 
out preceding sintering. The yield varies from 10- 
50%. 
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The Use of Acetylation in the Quantitative 
Separation of Ephedrine from Procaine* 

By LLEWELLYN H. WELSH 

Aqueous solutions of ephedrine give practically quantitative yields of the N-acetyl 
derivative by the action of acetic anhydride in the presence of excess bicarbonate. 
Under the same conditions procaine appears to acetylate at its primary amino group 
to yield a product which is basic by virtue of its tertiary nitrogen. The wide differ- 
ence in properties of the acetyl derivatives of the two drugs permits their separation 
by simple extraction procedures, and the gravimetric determination of ephedrine as 
its acetyl derivative. The presence of small amounts of bisulfite greatly hinders the 
acetylation of ephedrine. The presence of ephedrine does not interfere in the de- 
termination of procaine by bromination. 


■p ECENT WORK in this" laboratory (1) es- 
tabEshed that the reaction of ephe- 
drine with acetic anhydride at 70° yields the 
neutral N-acetyl derivative (hydroxyamide, 
I), m. p. 86-87°, and that the corresponding 
0-acetyl compound (aminoester, II) is cap- 
able of only a transitory existence before 
quantitatively rearranging into the hy- 
droxyamide. 

CsHsCHOHCH (CH,)N (CH,) COCHj 

(I) 

CsHsCH (OCOCHj) CH (CH,) NHCH, 

( II ) 

These facts suggest the possibility of using 
acetylation in the analysis of drug mixtmes 
containing certain aminoalcohols. If acet- 
ylation occurs quantitatively under condi- 
tions similar to those employed for the con- 
version of phenetedin to acetophenetedin 
(2), it should be possible to separate ephed- 
rine and, perhaps, other aminoalcohols 

I I 

having an . ArCHOHCNH grouping from 

compounds containing unacetylatable basic 
(e.g., tertiary amino) groups. 

It was found that acetylation of ephedrine 
at room temperature occurs rapidly in aque- 
ous solution containing excess bicarbonate, 
and yields 98.0-99.4 per cent of the theo- 
retical amount of acetyl derivative. The 
acetylation was then carried out on samples 
containing 150 mg. of ephedrine hydrochlo- 
ride and 30 mg. of procaine hydrochloride. 


After acidification of the reaction mixture, 
the acetylephedrine was separated from the 
acetylated procaine salt by extraction with 
chloroform, and was determined gravimetri- 
cally after removal of the solvent. Recov- 
eries of 97.6-99.2 per cent were obtained. 
WTien the procedme was applied to a com- 
mercial product pruporting to contain in 
each cc. 50 mg. of ephedrine hydrochloride, 
10 mg. of procaine hydrochloride, and "not 
more than” 1.5 mg. of sodium bisulfite, the 
results indicated a shortage of 10-14 per cent 
of ephedrine salt. Total solids and chloride 
determinations, however, supported tlie 
label declaration. Accordingly, a solution 
was prepared which contained ca. 3 mg. of 
sodium metabisulfite per 100 mg. of ephed- 
rine hydrochloride, \\0ien aliquots of the 
solution were subjected to the acetylation 
procedure, recoveries of approximately 53% 
resulted. The unacetylated ephedrine could 
be extracted with chloroform after rendering 
the aqueous phase alkahne with sodium hy- 
droxide. If, however, before acetylating 
the bisulfite was destroyed by the addition 
of iodine-potassium iodide solution, normal 
recovery percentages of acetyl derivative 
were obtained. The reason for the interfer- 
ence of bisulfite in the acetydation of ephed- 
rine is not apparent to the writer. The 
molecular proportions of bisulfite, ephedrine, 
acetic anhy^dride, and bicarbonate present 
in the acetylation of the prepared solution 
are approximately 1:32; 450; 1500, respec- 
tively. Whatever the interference mecha- 
nism, one molecule of bisulfite effectively 
373 
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blocks tlie acetylation of approxiraatel}'^ 
fifteen molecules of epbedrine under the con- 
ditions employed. 

Although procaine appears to acetjdate at 
its primar}' amino group under the condi- 
tions used in tlie acetylation of ephedrine, 
the derivative obtained could not be in- 
duced to crystallize. Procaine was deter- 
mined in the presence of ephedrine by e.x- 
tracting the two compounds from alkaline 
solution into chloroform, transferring them 
from this solvent into aqueous solution by 
shakeouts with dilute acid, adding a slight 
excess of standard bromide-bromate solu- 
tion to the acid extract, and back-titrating 
with thiosulfate after adding potassium io- 
dide. Under these conditions ephedrine did 
not interfere with the bromination even 
when present in amounts five times that of 
the procaine, and the bromination results 
were slight!}’- better than 99 per cent of the 
theoretical. The determination of procaine 
by this metliod is considered to be expedient 
rather than ideal, since it gives no informa- 
tion concerning the nature of the material 
brominated. 

EXPERIMENTAL 
(Melting points are corrected.) 

Acetylation Procedure. — Sodium bicarbonate (3.0 
Gm.) was added to a separatory funnel containing 
ca. 150 mg. of epbedrine hydrochloride dissolved in 
10 cc. of water. The funnel was swirled until the 
liquid was practically saturated with bicarbonate, 
and a total of 1 cc. of acetic anhydride was then 
added in three approximately equal portions. After 
each addition of anhydride the funnel was securely 
stoppered and shaken vigorously. From time to 
time the shaking was interrupted and the stopcock 
was opened to release internal pressure. A fresh 
portion of anhydride was not added until carbon 
dioxide evolution resulting from the previous addi- 
tion had practically ceased, and after each reaction 
small amounts of fluid in the stem and on the stop- 
per and mouth of the funnel were rinsed back into 
the main body of liquid with a few drops of water. 
The reaction mixture was allowed to stand fifteen 
minutes after effervescence resulting from the last 
addition of anhydride apparently had ceased. It 
was then made acid to Congo red with 10% (te/v) 
sulfuric acid (about 20 cc. was required), an addi- 
tional 5 cc. was added, and the acetylephedrine was 
extracted immediately with five 15-cc. portions of 
chloroform. Each extract was shaken in another 
funnel with a solution of 0.5 Gm. of sodium bicar- 


bonate in 6 cc. of water to remove acetic acid before 
filtering through a pledget of cotton into a bc.'iker. 
The filtered extracts were concentrated to a small 
volume, transferred with chloroform to a tared 50- 
cc. beaker (previously dried at 105° and cooled in a 
desiccator), and the remainder of the solvent re- 
moved on the steam bath in a current of air. The 
residual resin of acetylephedrine was heated thirty 
minutes in an oven at 105°, cooled in a desiccator, 
and weighed rapidly. Although crystalline anhy- 
drous acetylephedrine does not tend to gain weight 
in the air under ordinary conditions, the super- 
cooled substance does appear to gain slightly possibly 
because of a tendency to form the monohydrate (3),* 
The weight of anhydrous residue multiplied by 
0.9731 represents the equivalent of ephedrine hy- 
droehloride. Residues of acetylephedrine crystal- 
lized slowly when seeded and triturated. The sub- 
stance is not appreciably volatile at 105°, since a 
500-mg. sample suffered an apparent loss of only 
0.5 mg. when left thirty minutes in an oven at this 
temperature. 

When bisulfite was present it was removed prior 
to the introduction of bicarbonate by swirling the 
funnel and adding, dropwise, a solution of 0.5 Gin, 
of iodine and 1.5 Gm. of potassium iodide in 25 cc. 
of water. After a slight excess of iodine had been 
added, a few drops of starch solution were intro- 
duced, and the blue color was discharged by addi- 
tion of the necessary amount of 0.1 sodium thio- 
sulfate. 

Table I lists recoveries obtained when the acetyla- 
tion was carried out on solutions containing ephed- 
rine hydrochloride (150 mg.) only, and solutions 
containing, in addition, procaine hydrochloride 
(30 mg.) and sodium metabisulfite {ca. 4.5 mg.). 
Melting points of various acetylephedrine residues 
are also listed. 


Table I 



% 

M. I’, of 

Compounds Added 

Recovery 

Acetylepbedrine 

None 

99.4 

98.0 

84.5-80° 

Procaine 

98.6 

97.7 



99.2 

97.6 

. 85 -80° 

Bisulfite 

51.7“ 

53.7“ 

84.5-80° 


97.9'’ 



98.8“ 

85 -80° 

Procaine and bisulfite 

49.8“ 

85 -80° 

Av. 

98.4 



“ Not included in average. 

® BisuIGte removed with iodine before acetylation. 


After acetylephedrine had been extracted from 
one of the reaction mixtures containing bisulfite, 
the aqueous solution was rendered alkaline and ex- 
tracted several times with chloroform. Addition of 
hydrogen chloride and subsequent evaporation of 
solvent yielded ephedrine hydrochloride, m. p. 
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217-218°, equivalent to 97.2% of the ephedrine 
which had escaped acetylation. 

WTien the procedure (modified in that extraction 
was made from alkaline solution) was applied to a 
150-mg. sample of procaine hydrochloride, a 100.3% 
recovery of acetylprocaine was obtained. The color- 
less, resinous material showed a neutralization 
equivalent of 285 (calcd. 278.3 for CisHjjNjOi). 
Hazard and Corteggiani (4) have reported a melting 
point of 74° for acetylprocaine, but material pre- 
pared in this laboratory could not be obtained in a 
crystalline condition. After the extraction of acet- 
ylephedrhie from acidified reaction mixtures also 
containing acetylprocaine, the latter substance was 
extracted into chloroform after basifying the aqueous 
phase with sodium hydroxide. The approximately 
30-mg. residues of acetylprocaine obtained after 
solvent removal amounted to 90-103% of the cal- 
culated quantity. 

Determination of Procaine. — One cubic centi- 
meter of 20% sodium hydroxide was added to 10 
cc. of a solution containing 100 mg. of procaine 
hydrochloride, 500 mg. of the corresponding ephed- 
rine salt, and 15 mg. of sodium metabisulfite. 
The alkaline solution was extracted with six 10-cc. 
portions of chloroform. The combined chloroform 
extracts were shaken with two 10-cc. portions of 5% 
Sttlfuric acid, then with four 10-cc. portions of water. 
The acid solution of ephedrine and procaine sulfates 
was washed with 5 cc. of petroleum ether and drained 
into a flask. The petroleum ether was then washed 
three times with 10-cc. portions of water which ivere 
added to the contents of the flask. The acid solu- 
tion was allowed to stand, with occasional shaking, 
until the odor of petroleum ether had practically 
disappeared and no fine droplets of the solvent 
could be observed. The volume was then adjusted 
to about 150 cc. by the addition of xvater and 9 cc. 
of cone, hydrochloric acid, and two drops of 0.1% 
methyl red indicator were added. The solution 
was brominated essentially as described by Wells 
(5). Tenth-normal bromide-bromate solution was 
added from a 'burette at a rate of approximately 
two drops per second while the contents of the flask 
were constantly agitated. The indicator added 
originally faded gradually during the bromination, 
and an additional one or two drops were necessary 
before the end of the titration. As the anticipated 
end point was approached the speed of addition of 


brominating reagent was reduced and the effect of 
one-drop additions was observed. The appro.ximate 
end point was reached when the indicator suddenly 
became decolorized, and a faint odor of bromine was 
noticeable. About 1 Gm. of potassium iodide was 
then dissolved in the solution, and back-titration 
with 0.1 N sodium thiosulfate was effected in the 
presence of starch. The required thiosulfate varied 
between 0.1 and 0.2 cc. Results of determinations 
ranged from 99.2% to 99.4% of the theoretical. A 
blank determination carried through the several 
stages described above, but in the absence of pro- 
caine, resulted in the consumption of only 0.03 cc. 
of bromide-bromate solution. 


SUMMARY 

Aqueous solutions of ephedrine give prac- 
tically quantitative yields of the N-acetyl 
derivative by the action of acetic anhydride 
in the presence of excess bicarbonate. Under 
the same conditions procaine appears to 
acetylate at its primary amino group to 
yield a product which is basic by virtue of its 
tertiary nitrogen. The wide difference in 
properties of the acetyl derivatives of the 
two drugs permits their separation by simple 
extraction procedures, and the gravimetric 
determination of ephedrine as its acetyl 
derivative. The presence of small amounts 
of bisulfite greatly hinders the acetylation 
of ephedrine. 

The presence of ephedrine does not inter- 
fere in the determination of procaine by bro- 
mination. 
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The Synthesis and Study of Some 
N-Dihydrox)^propyl Derivatives* 

By JAMES W. JONESt and ALFRED HALPERNt^ 

The N-dihydroxypropyl derivatives of sulfathiaaole, saccharin, and phenobarbital 
have been prepared by the reaction between both the sodium and the silver salts 
of the imides with glyceryl-or-chlorhydrin. Attempts at crystallization from various 
solvents failed to yield crystalline material. The influence of silver hydroxide and 
copper powder on the yield of product from the above reaction was determined 
The solubilities of the dihydroxypropyl derivatives in water were studied. 


"D ECENTLY it was shown that tlie intro- 
duction of the dihydroxypropyl group 
in theophylline did not change the therapeu- 
tic properties of the compound and led to a 
stable, water-soluble derivative (1). It be- 
came of interest, therefore, to determine the 
effect on the solubility by the introduction 
of the dihydroxypropyl group in otlier nitro- 
gen compounds difficult}’' soluble in water. 

Several compounds of therapeutic im- 
portance, of which an acid-stable water- 
soluble derivative would be advantageous, 
were chosen for the study. Sulfathiazole 
(a representative “sulfa” drug), saccharin, 
and phenobarbital (a typical barbiturate) 
were the imides selected for N-dihydroxy- 
propyl substitution. These compounds are 
all soluble in dilute alkali. However, their 
alkali salts are probably decomposed to 
liberate the water-insoluble base in the gas- 
tric fluids as was shown for the sodium salt 
of theophylline (1). 

In the case of the “sulfa” drugs a stab e 
water-soluble derivative would prevent crys- 
tallization in the urinary tract. A soluble 
saccharin derivative would be of value in 
preparing aqueous pharmaceuticals of acid 
reaction. A neutral, water-soluble barbi- 
turate would greatly enhance the parenteral 
administration of these drugs. 

The N-hydroxyethyl derivative of pheno- 
barbital has been prepared by the reaction 
between the sodium salt of phenobarbital 
and ethylenemonochlorhydrin (2). A huge 
excess of the ethylenemonochlorhydrin was 
used and the N-deri\’ative was obtained in 
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fairly good yields. A modification of tliis 
method was used as a general method for 
the preparation of the N-dihydro.xy propyl 
derivatives. 

EXPERIMENTAL 

Method A. — To 0.1 mole of the sodium salt of the 
imide, in a 3-neck_flask fitted with a stirrer and a 
thermometer, was added 1.5 mole of glyceryl-of- 
chlorhydrin. The mixture was heated on an oil 
bath for two hours at a temperature of 120-130°. 
Rapid stirring was maintained throughout the reac- 
tion period. At the end of this time, the reaction 
mixture was cooled, and the stirring stopped. The 
mixture was filtered by suction and the residue on 
the filter paper washed with two 20-cc. portions of 
hot absolute ethanol. The residue on the filter 
paper, which was identified as sodium chloride, 
weighed 5.2 Gm. The theoretical quantity was 5.8 
Gm. The excess glyceryl-a-chlorhydrin and the 
ethanol were removed by distillation under reduced 
pressure. The residue was a brown, gummy ma- 
terial. 

The residues were purified through repeated 
precipitation by ether from absolute ethanol. 
After four such precipitations, a colorless oil was ob- 
tained, which, after the removal of the last traces of 
the solvent under reduced pressure, hardened to a 
plastic semisolid resin. The yield of purified deriv- 
ative was: 

. yield 

Found. Theoretical, 



Gm. 

Gm. 

% 

(I) N-Dihydroxypropyl- 




sulfathiazolc 

20.4 

31.4 

(if) 

(II) N-Dihydroxypropyl- 



08 

phcnobarbital 

19.8 

29.1 

(III) N-Dihydroxypropyl- 



0,8 

saceharin 

10.5 

24.2 

% Nitrogen (Kjcldahl) 




Calc’d.: (I) 13.37, (II) 9.02, 

(111)7 

.04 


Found ; (I) 13.-17, (II) 9.71, 

(III) 7 

.41 



Method B. — One-tenth mole of the sodium salt 
of the imide was dissolved in .300 cc. of distilled 
water and heated to boiling. Five-tenths mole of 
glyceryl-or-chlorhydrin was added and the solution 
boiled for two hours, water being arldcd from time 
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to time to maintain the volume. The water was 
then removed under reduced pressure and the resi- 
due extracted with five oO-cc. portions of hot abso- 
lute ethanol. The sodium cliloride remaining 
weighed 4.8 Gm. The ethanol was removed by dis- 
tillation under reduced pressure and the residue 
purified in the above manner. The products of these 
reactions were also plastic semisolid materials. The 
yield of product obtained : 


then dried in a vacuum desiccator overnight The 
silver salts must be protected from light to prevent 
darkening of the compound. The yield of silver 
imide obtained was: 


Found, 

— Vield 

Theoretical, 

Gm. 

Gm. % 


Silver sulfathiazole 

33.5 

36.3 

.90 

Silver phenobarbital 

36.7 

39.9 

92 

Silver saccharin 

27.6 

29.0 

95 


(I) N-Dihydroxypropyl- 
sulfathiazole 

(II) N-Dihydroxypropyl- 
phenobarbital 
(III) N-Dihydroxypropyl- 
saccharin 


Yield- 


Found, Theoretical, 


Gm. 

L UCUl CLltlUt, 

Gm. 

% 

12.5 

31.4 

40 

12.2 

29.1 

42 

9.9 

24.2 

41 


% Nitrogen (Kjeldahl) 

Calc’d.: (I) 13.37, (II) 9.62, (III) 7.64 
Found ; (I) 13.26, (11) 9.42, (III) 7.40 


Method C. — ^Substituting the silver salt for the 
sodium salt in both reactions (A and B) resulted in 
products identical to those obtained from the sodium 
salts. A quantitative yield of silver chloride was ob- 
tained. The yield of N-dihydroxypropyl imide ob- 
tained from the silver salt in Method A was: 


(I) N-Dihydroxypropyl- 

sulfathiazole 

(II) N-Dihydroxypropyl- 

phenobarbital 
(III) N-Dihydroxypropyl- 
saccharin 


. Yield 

Found, Theoretical, 


Gm. 

Gm. 

% 

25.7 

31.4 

82 

24.3 

29.1 

84 

20.0 

24.2 

83 


% Nitrogen (Kjeldahl) 

Calc’d.: (I) 13.37, (II) 9.62, (III) 7.64 
Found: (I) 13.41, (II) 9.60, (III) 7.58 


The yield of N-dihydroxypropyl imide obtained 
from the silver salt' in Method B was: 


(I) N-Dihydroxypropyl- 

sulfathiazole 

(II) N-Dihydroxypropyl- 

phenobarbital 
(III) N-Dihydroxypropyl- 
saccharin 

% Nitrogen (Kjeldahl) 

Calc’d.: (I) 13.37, (II) 9.62, (III) 7.64 
Found: (I) 13.40, (II) 9.56, (III) 7.54 

Preparation of the Silver Salt of the Imides (3). — 
One-tenth mole of the sodium salt of the imide rvas 
dissolved in 300 cc. of distilled water. The solution 
was stirred with a mechanical stirrer and a solution 
of 0.1 mole of silver nitrate in 200 cc. of distilled 
water was added. An immediate precipitation oc- 
curred and the mixture was stirred for fifteen min- 
utes longer. The precipitate was filtered off on a 
Buchner funnel and washed well with distilled \vatcr. 


Found, Theoretical, 


Gm. 

Gm. 

% 

23.8 

31.4 

76 

23.2 

29.1 

80 

18.1 

24.2 

79 


Method D. — Reactions A and B were repeated 
with the addition of silver hydroxide and copper 
powder as catalysts. One-half gram of freshly' pre- 
cipitated AgOH was added to the reaction mixture 
and the process carried out in the indicated manner. 
The average yield of substituted imide was in- 
creased. The yield of compound obtained from 
Method A catalyzed by silver hydroxide was: 


N-D ihydroxypropyl- 
sulfathiazole 
N-Dihydroxypropyl- 
phenobarbital 
N-Dihydroxypropyl- 
saccharin 


Found, 

— Yield 

Theoretical, 


Gm. 

Gm. 

% 

23.1 

31.4 

74 

22.9 

29.1 

79 

18.8 

24.2 

78 


The yield of compound obtained from Method B 
catalyzed by silver hydroxide was: 


N-Dihydroxypropyl- 
sulfathiazole 
N-D ihy dr oxypropyl- 
phenobarbital 
N-Dihydroxypropyl- 
saccharin 


; — Yield 

Found,' Theoretical, 


Gm. 

Gm. 

% 

22.2 

31.4 

71 

21.1 

29.1 

73 

17.4 

24.2 

72 


Copper powder was used in a similar manner and 
the yields in this instance were increased, though 
not as high as with silver hydroxide. The yield of 
compound obtained from Method A catalyzed by 


copper powder was: 


N-Dihydroxypropyl- 

sulfathiazole 

N-Dihydroxypropyl- 

barbital 

N-Dihydroxyqiropyl- 

saccharin 


-Yield- 


Found, 

Theoretical, 


Gm. 

Gm. 

% 

21.6 

31.4 

69 

20.9 

29.1 

72 

16.9 

24.2 

74 


The yield of compound obtained from Method B 
catalyzed by copper powder was: 


N-Dihydroxypropyl- 

sulfathiazolc 

N-Dihydrox^ropyl- 

phenobarbital 

N-Dihydroxypropyl- 

saccharin 


Found, 

— Yield 

Theoretical, 


Gm. 

Gm. 

% 

20.0 

31.4 

64 

19.1 

29.1 

66 

16.2 

24.2 

67 
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X-Allylplienobarbital was prepared using 0.1 
molar quantities from etlij-l plienyl^jthj-l malonic 
ester and allyl urea in the presence of sodium methyl- 
ate and methyl alcohol. The yield was 03% of the 
theoretical. Melting point found: G7-CS°. Re- 
corded melting point; 08-69° (4). 

The dihydroxypropj’l deritmtive of phenobarbital 
was obtained by the oxidation of N-allylphenobarbi- 
tal with cold, dilute, aqueous potassium permanga- 
nate. A product identical to that obtained by tlie 
previous reactions was obtained. The yield was 
52% of the theoretical. Nitrogen calculated : 9.62. 
Nitrogen found: 9.31. 

Attempts at crystallizing the dihydroxy deriva- 
tives from acetone, acetone-benzene, benzene, ben- 
zene-ligroin, alcohol, aqueous alcohol, alcohol- 
ether, and water solutions failed. The product ob- 
tained in all cases was a plastic, seraisolid resin. 

It was of interest to note that hydroxymethylene- 
bis(l-methylenephenobarbital) prepared by the re- 
action between glyceryl a-y dibromohydrin and 
phenobarbital in the presence of sodium in methanol 
was reported as a hard glassy solid without definite 
melting point (2). Furthermore, the gum obtained 
from this reaction could not be induced to crystallize 
from any of the usual organic solvents. 

The substituted compounds are stable at room 
temperature. They decompose on heating above 
180°. Attempts at distillation of the compounds at 


2 mm. Hg pressure resulted in decomposition of the 
products. 

The N-dihydroxypropyl derivatives all gave a 
positive periodic acid test (5) for the glycol group. 

The compounds were soluble in alcohol, slightly 
soluble in acetone, and insoluble in ether, chloro. 
form, and petroleum ether. The solubility of the 
compounds in water at 25° was found to be as fol- 
lows: 

N-Dihydroxypropyl- 

siilfathiazole 1 Gm. in 330 cc. 

N-Dihydroxypropyl- 

phenobarbital 1 Gm. in 200 cc. 

N-Dihydroxypropyl- 

saccharin 1 Gm. in 90 cc. 

The introduction of the N-dihydroxypropyl or N- 
cthylhydroxy group in saccharin resulted in a taste- 
less compound. 

The solubility of the compounds in water was in- 
creased by the introduction of the dihydroxypropyl 
group. The noncrystalline nature of the compounds, 
however, greatly diminished the advantages of solu- 
bility thus obtained. The rather lengthy purifica- 
tion procedures necessary to obtain a pure com- 
pound also detracted from the increased solubility 
advantage. Further study of these compounds was 
discontinued for the above reasons. 


SUMMARY AND CONCLUSIONS 


1. The effect on solubility in water by 
the substitution of the dihydroxypropyl 
group in difficultly soluble imides was stud- 
ied. 

2. The N-dihydroxypropyl derivatives of 
sulfathiazole, saccharin, and phenobarbital 
were prepared by the reaction between the 
sodium salt of the imide and glyceryl-a- 
chlorhydrin. The compounds were also 
prepared from the silver salts of the imide 
and glycer^'l-a-chlorhydrin. 

3 The products were all plastic, semi- 
solid, resinous materials. Attempts at 
crj'stallization from various solvents failed 
to yield a crj’stalline material. 

4. The influence of silver h)'droxide and 


copper powder on the yield of product from 
the above reaction was noted. 

5. N - Dihydroxypropylphenobarbital 
prepared by the oxidation of N-allylpheno- 
barbital with potassium permanganate was 
identical to that obtained by the previous 
means. 

6. The solubility of the dihydroxypropyl 
derivatives in water was determined. 

7. The study was discontinued because 
the difficulties in obtaining a pure com- 
pound and the plastic semisolid resinous 
state detracted from the pharmaceutical 
utility of the ciystalline parent compounds. 
The advantages of increased solubility did 
not compensate for the above disadvantages. 
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Chemical Determination of Synthetic Estrogens 
I. Basic Data on the Nitrosophenol Reaction* 

By SIDNEY GOTTLIEB 


A method is described for the identification 
and quantitative determination of diethylstil- 
bestrol, hexestrol, dienestrol, benzestrol, and 
Meprane which depends on the formation of 
the corresponding o-nitrosophenols. The ab- 
sorption of the alkaline quinoid forms of 
these derivatives in solution is a linear 
function of the concentration. 

■p\ 0 DDS, el al. (1), reported the extremely 
^ high estrogenic activity of the 4,4'- 
stilbenediols in 1938. Since then this group 
of compounds has come into wide and im- 
portant use in the treatment of various dis- 
orders stemming from estrogen deficiency. 
Virtually each year sees a new derivative of 
this series put on the market. A reliable 
and widely applicable method for the deter- 
mination of these compounds is needed; it 
is the purpose of this contribution to propose 
such a method and to present the basic data 
on it. 

Various methods have been proposed for 
the chemical determination of compounds 
in the 4,4'-stilbenediol series. Elvidge (2) 
and Goetz, and Seif (3) proposed absorption 
speetrophotometry of the unaltered com- 
pounds for diethylstilbestrol, diethylstil- 
bestrol dipropionate, and hexestrol. Dinge- 
manse (4) determined diethylstilbestrol by 
its reaction with antimony pentachloride to 
form a red addition compound. The color 
was reported to be relatively unstable and 
fats, sterols, and colored substances inter- 
ferred with the reaction. Tubis and Bloom 
(5) suggested the use of the Folin and Ciocal- 
teu reagent, (molybdo-phosphotungstic 
acids) for the determination of diethylstil- 
bestrol in tablets. This metliod has been 
included in the U. S. P. XIII for diethylstil- 
bestrol capsule, injection, and tablet prep- 
arations. Since the reaction depends on the 
reduction of the labile phosphomolybdic- 
phosphotungstic acids to the blue oxides of 
molybdenum and tungsten, its use is limited 


in many types of preparations. The coup- 
ling of diethylstilbestrol with diazobenzene- 
sulfonic acid to form a colored solution has 
been used by Huf and Widmann (6) as an 
assay for this estrogen. An accuracy of 10 
per cent is claimed for the method and the 
diazotization to produce the reagent must be 
carried out daily. A bromometric procedure ' 
for determining 1-40 mg. of diethylstilbes- 
trol has been described by Sondem and 
Burson (7) and the reaction of various stil- 
benediols with bromine in acetic acid has 
been used by Cocking (8) as a colorimetric 
assay procedure. Malpress (9) has elabo- 
rated a method depending on the nitration of 
diethylstilbestrol, hexestrol, and dienestrol 
to polynitro compounds and the subsequent 
measurement of the orange color produced 
by these nitro derivatives in alkaline solu- 
tion. A determination of dienestrol in 
biological samples has been proposed by 
Smith (10) utilizing the formation and sub- 
sequent titration of the maleic acid adduct. 
Recoveries of 60-80 per cent of added dien- 
estrol from urine are reported. 

In this paper the author reports a method 
depending on the formation of nitrosophe- 
nols from various synthetic estrogens. The 
method affords an opportunity to distin- 
guish among individual members of this 
group of compounds and to determine each 
compound quantitatively. In a review of 
color tests for phenols, Gibbs (1.5) discussed 
the formation of nitrosophenols and their 
quinone oximes. Stoughton (11) published 
a method for the estimation of phenols in 
biological materials which consisted of treat- 
ing the phenol with nitric and sulfuric acids 
at 100° to form a nitrosophenol which re- 
arranges in the presence of excess alcoholic 
ammonium hydroxide to form a highly 
colored quinoid compound. 

Wetlaufer,- et al. (12) modified this pro- 
cedure slightly to determine traces of phe- 
nols in hydrocarbon solvents and Lykken, et 
al. (13) made some further modifications in 
379 
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using the reaction for the same purpose. 
Using phenol as an example, the probable 
reactions areas follows: 


2 HONOs > 2 HONO + O 3 

' OH 

H+ / 

CsHsOH + HONO > CeH, + HjO 

NO 


/ 


OH 


CsH, 


OH- 


\ 


NO 


O 


C,H, 


\ 


N-0 


+ H-' 


The method described below has been ap- 
plied to derive data on absorption and cali- 
bration curves for five important synthetic 
estrogens, namely diethylstilbestrol (3,4- 
bis ' (p - hydroxyphenyl) - hexene - 3), 
hexestrol (3.4-bis-(:^-hydroxyphenyl) hex- 
ane), dienestrol (3,4-bis-(;^-hydroxyphenyl) 
hexadiene-2,4), fienzestrol (2,4-bis-(/)- 
hydroxyphenyl)-3-ethylhexane), and Mep- 
rane (3,4-bis-(m-methyl-/>-propionoxy- 
phenyl)-hexane). A method for the applica- 
tion of this reaction to pharmaceutical 
preparations has been worked out and is at 
present being coUaboratively checked by 
several laboratories. It will be the subject 
of a subsequent publication. 


EXPERIMENTAL 

Reagents. — ^Buffer solution; To 800 cc. of glacial 
acetic acid, add 150 cc. of 10% potassium hydroxide 
solution and 50 cc, of water, and mix well. 

Saturated aqueous sodium nitrite solution. 

Concentrated sulfuric acid (36 N). 

Alcoholic ammonium hydroxide solution. Mix 
450 cc. anhydrous ethyl alcohol or isopropyl alco- 
hol, 300 cc. of cone, ammonium hydroxide (14 N), 
and 250 cc. of water. 

Method. — Make up a standard solution of the 
compound being investigated by dissolving 10 mg. 
in 100 cc. of 95% ethyl alcohol. For diethylstil- 
bestrol, hexestrol, dienestrol, and benzestrol, make 
up a series of concentrations in the range of 0.00 
to 1.00 mg. by evaporating the requisite amount of 
alcoholic solution in 100-cc. beakers. In the case of 
the phenol from Meprane, the range should be from 
0.0 to 2.0 mg. The residue in each beaker is dis- 
solved in 5 cc. of buffer solution; gentle warming 
may be necessary to completely dissolve several of 
the coinpomids. Five drops of concentrated sulfuric 


acid is then added, followed by 2 drops of saturated 
sodium nitrite solution. The solution is allowed to 
stand at room temperature for thirty minutes with 
occasional shaking. The solution is then transferred 
quantitatively to a 50-cc. volumetric flask and di- 
luted to near the mark with alcoholic ammonium 
hydroxide solution, cooling the flask in an ice bath 
as the alkali is added, and using the alkali to wash 
out the beaker. Let stand thirty minutes, dilute 
exactly to the mark with alcoholic ammonium hy- 
droxide solution, and filter through a dry filter. 
This filtered solution is then used to make the 
photometric measurements. The color is stable for 
at least several hours after filtration. 

Hydrolysis of Meprane. — ^The-free phenol was 
obtained in quantitative yield from its dipropionic 
acid ester by refluxing about 0.5 Gm. of the ester 
in a 10% methanolic solution of potassium hydro.x- 
ide for one hour. The methanolic solution was 
cooled, diluted with 100 cc. of distilled water, acidi- 
fied with 10% HCl, and quantitatively transferred 
to a separatory funnel. This solution was then ex- 
tracted four times with 50-cc. portions of peroxide- 
free diethyl ether. The combined ether extracts 
were washed three times with 100-cc, portions of 5% 
sodium bicarbonate and twice with 100-cc. portions 
of water. The ether solution was then separated, 
filtered through a dry filter, the filter washed with 
ether and the ether solution evaporated to dryness. 
The phenol (3,4-bis-(m-methyl-F-hydroxyphenyl)- 
hexane) melted at 142-145° (corr.). Ten milli- 
grams of this material was dissolved in 100 cc. of 
95% ethyl alcohol to make up the standard solu- 
tion. 

Photometric Measurements. — The absorption 
curves in Fig. 1 were obtained by treating 1 mg. 
of each compound as described above under 
“Method,” and studying the absorption of the solu- 
tions so obtained in the spectral range of 360 to 600 
mju. The instrument used was a Beckmann Model 
DU Quartz Spectrophotometer, with the blue-sensi- 
tive phototube in position. The standard calibra- 
tion ctnrves shown in Fig. 2 were obtained by measur- 
ing the absorption of each sample at a wave length 
of 440 mp on the Beckmann instrument. For both 
the absorption and calibration curves, the instru- 
ment was set at 100% transmission (or zero optical 
riensity) for a tube containing a blank solution 
which had been run through the entire procedure, 
omitting the addition of any phenolic compound. 

Stability of Color. — ^Lykken, et al. (13), report 
that the colors produced by nitrosophenol quinoid 
compounds slowly increase in intensity, and these 
investigators recommend allowing the solutions to 
stand overnight before measuring the color. The 
synthetic estrogens apparently do not show this in- 
stability when treated as described above. Table I 
portrays a typical experiment with diethylstilbestrol, 
indicating no appreciable fading over a period of 
four hours. The other estrogens behaved in a 
similar manner. 
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Table I. — Stability of Solutions of the Nitro- 

SOPHENOL QUINOID FROM DlETIIYLSTILBESTROL. 

Various Amounts of Diethylstilbestrol 
Treated as Described under “^Iethod” 


Diethyl- Optical Densities of Solutions at 

stiibcstxol -—Various Times after Development of Color — - 
Mg. 15 Min. 30 Min. 1 Hr. 2 Hr. 4 Hr. 

0.1 0.051 0.060 0.062 0.060 0.061 

0.5 0.2S0 0.295 0.293 0.295 0.294 

1.0 0.509 0.5S0 0.5S0 0.575 0.579 


DISCUSSION 

It can be seen from Fig. 1 that the absorption 
curves of the quinoid compounds formed by the 
estrogens studied are sufficiently different to enable 
their identification in a preparation containing only 
one estrogen. The accurate quantitative determina- 
tion of one in the presence of another would be pos- 
sible only in the case of a hexestrol-dienestrol or a 
benzestrol-dienestrol mixture, but the simultaneous 
determination of other pairs might be possible if a 
study of the absorption of the quinoid compounds 
in the region below 350 m^ was made. At any rate, 
it is improbable that mixtures of these compounds 
would occur in pharmaceutical preparations. 

The natural estrogens, estrone, and a-estradiol 
have been submitted to this procedure and their 
absorption at 440 mp (Table II) was found to be so 
low in comparison to the synthetic estrogens that 
their contribution to the absorption in mi.xtures of 
synthetic and natural estrogens can be ignored, or, 
in very careful work, easily corrected for by a sepa- 
rate determination (14). 

Table II. — Optical Density of Solutions of the 

XlTROSOPHENOL QUINOIDS FROM ESTRONE, a- 
Estradiol, and Diethylstilbestrol. One Milli- 
gram OF Each Compound Treated as Described 
Under "Method” 


Compound 

Optical Density 

Estrone 

0.020 

a-Estradiol 

0.044 

Diethylstilbestrol 

0.580 


It will be noticed that in the case of the phenol 
3,4-bis(m-methyl-^hydro.xyphenyl)-hexane, the op- 
tical density is appreciably less than that of the other 
estrogens in comparable concentrations. This is 
undoubtedly due to the hindering effect of the methyl 
group in the position ortho to the phenolic group. 
The presence of these methyl groups probably ef- 
fectively blocks two of the four possible sites for the 
introduction of the nitroso group in the molecule. 

Although this method is specihe for phenolic 
compounds, it will not distinguish among several 
phenolic compounds, unless the spectral characteris- 
tics of the quinoid compounds formed had been pre- 
viously studied. However, as mentioned above, 
other phenols arc usually not encountered in pharm- 
aceutical preparations containing these estrogens. 



r Fig. 2. — Standard calibration curves for the ni- ■ 
trosophenol quinoid compounds from five synthetic 
estrogens. 1 — dienestrol; 2 — hexestrol; 3 — di- 

ethylstilbestrol; 4 — benzestrol; 5 — phenol from 
meprane. 


SUMMARY 


Basic data are presented on a new chemi- 
cal method for the determination of tlie 
synthetic estrogenic compounds, 3,4-bis-(/)- 
hydroxyphenyl)-hexene-3, 3,4-bis-(^-hy- 
droxyphenyl)-hexane, 3,4-bis-(^-hydroxy- 
phenyl)-hexadiene-2,4, 2,4-bis-0l>-hydroxy- 
phenyl)-3-ethylhexane, and 3,4-bis-(?H- 
methyl-/)-propionoxyphenyl) -hexane. A 
study of the absorption curves of tlie alkaline 
quinoid form of the ortho-nitrosophenols 
derived from these estrogens by a simple pro- 
cedure indicates that they can be qualita- 
tively identified by this means. Calibration 
curves are presented to indicate the corre- 
spondence of concentration and color in this 
reaction. The natural estrogens, estrone, 
and a-estradiol, do not interfere. 
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Comparative Li Vitro Neutralization of Heparin* 

By E. J. MACKOWIAK and R. D. BARNARD 


Four classes of antiheparinics have been ex- 
amined for the in vitro restoration of spontane- 
ous coagulability to heparinized human 
blood. Of the four antiheparinics studied, 
toluidine blue was found to be more effective 
than modified human globin, hematoxylin, 
or lactose. 

'pHE HISTONE, protamine, has been used 
to neutralize the anticoagulant effect of 
previously administered heparin (1-3). Oc- 
casion for such use has seldom arisen and 
suitable pharmaceutical protamine prepa- 
rations are consequently sparse. A broader 
significance of antiheparinic therapy was 
recently uncovered when it was discovered 
that bleeding in a certain category of hem- 
orrhagic dyscrasias was due to an autoch- 
thonous increase of heparin in the blood. 
Volkert and Hertel (4) found heparin in iden- 
tifiable and determinable quantities in the 
blood of acute leukemics and Barnard and 
Sprinz (5), in their series of acute leukemic 
patients, found that 40 per cent of deaths 
were due to heparinemic hemorrhage into a 
vital organ. It was furthermore found that 
the heparinemia in this condition, as in the 
hemorrhagic phases of thrombopenia, aplas- 
tic anemia, agranulocytosis, anaphylaxis, 
and radiation sickness was preceded by a 
failure of erythroid marrow function and a 
reduction in blood cholinesterase (6). This 
sequence— the atopic-exudative syndrome 
(7) — is rather more common in clinical 
medicine than is usually appreciated. Barn- 
ard and Sprinz (5) were able to restore the 
coagulability in the blood of a patient with 
terminal acute leukemia by the addition of 
the histone, modified. human globin. 

The emergence of antiheparinic therapy 
from its present role as an occasional pro- 
cedure in correcting the effects of an over- 
administration of one medicinal agent with 
another, to that of its potentially greater 
role as a life-sa^dng procedure in a wide 
category of hemorrhagic dyscrasias and tlie 


possible broadening of the scope of such 
therapy should radiation sickness develop 
into an industrial or a wartime hazard, led 
us to undertake a search for additional anti- 
heparinics. Four classes of substances with 
antiheparinic potency have been investi- 
gated and will be discussed from a stand- 
point of possible therapeutic apphcability. 
This discussion is based on the in vitro 
measurement of antiheparinic potency; the 
order of discussion is the chronolog)’’ of in- 
vestigation. 

I. Modified Human Globin. — The material 
used by us was that developed as an oncotically ac- 
tive colloid by Dr. M. M. Strumia and his co-workers 
at the Bryn Mawr Hospital in Pennsylvania. Sam- 
ples which had proved to be pyrogenic on human 
administration as well as nonpyrogcnic samples 
proved to be equally effective in restoring spontane- 
ous coagulability to heparinized human blood. The 
action is rather slow, about twelve hours being re- 
quired for complete heparin neutralization regard- 
less of the initial concentration of the latter. The 
presence of 400 mg. % of globin is necessary to viti- 
ate 2 mg. % of heparin. Such a concentration of 
globin is readily attained clinically and 2 mg. % 
of heparin is the highest concentration that has been 
encountered in any instance of estrapenic shock. 
The slowness of action of globin, however, would 
seem to pose a theoretic disadvantage which might 
be offset by its relatively low toxicity and the future 
ready availability of the material with the re-advent 
of a National Blood Donor Program. 

n. Toluidine Blue. — Allen and Jacobson (8) 
used toluidine blue to restore coagulability to the 
blood of dogs in the hemorrhagic phase of radiation 
sickness and to humans with acute leukemia. Neu- 
tralization of heparin by toluidine blue has long been 
known (9); in faet this dye had been used to trace 
the origin of heparin to the basophilic granules of 
the mast cells of Ehrlich (10). 

Our experiments fully confirmed the findings of 
Allen and Jacobson. Whereas heparinemia is not 
the sole determining factor in bleeding during an 
atopic-exudative reaction, neutralization of the 
heparinemia serves to arrest such bleeding even 
though the cholinergic intoxication of the atopic- 
exudative syndrome persists. It was found that 
toluidine blue would almost instantly neutralize 
heparin and restore coagulability to fluid blood 
containing as much as 100 mg. % of heparin' '.Tolui- 
dine blue is unquestionably the best antiKcp^nic 
(at least in its theoretic promise) that wC have 
tested. 


* Received August 12, 1947, from the Veterans Adminis- 
tration Hospital, Batavia, N. Y., and the Terrace Heights 
Hospital, Hollis, I., I., N. Y. 
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m. Hematoiylin. — Because hematoxylin also 
stains the basophilie granules in the mast cells and 
because it has proved nontoxic on oral administra- 
tion (it has been used in doses as high as 5 Gm. as an 
astringent in diarrheas) the antiheparinic effect of 
this dye was tested hi vitro. For concentrations up 
to 29 c of heparin, it is equal in effectiveness to tolui- 
dine blue but for higher concentrations of the anti- 
coagulant, the action of hematoxylin becomes com- 
plicated by a marked precipitation of plasma pro- 
teins.' 

Whether the facility of oral administration and 
the cost of purification of logtvood extracts will 
justify their exploitation as antiheparinics is a 
question that still remains to be decided. 

rV. Polysaccharides. — Lactose, in solid phase, 
induces rapid coagulation of heparinized blood. 
Starch and glycogen have a similar, though weaker, 
effect. Solutions of polysaccharides containing no 
excess in solid phase are devoid of antiheparinic ac- 
tion. Presumably in this instance we are dealing 
with a surface reaction, the heparin being adsorbed 
by and its acid groujis neutralized by the hydroxyls 
of the polysacchtiridc. There appears to be no 
chance for the pharmaceutic utilization of the 
heparin neutralizing properties of saccharides, at 
least in systemic antiheparinic therapy, and the 


I In this connection it must be pointed out that all electro* 
positive colloid substances may precipitate certain fractions 
of the plasma proteins, including fibrinogen, I.e., they may in 
themselves be directly thromboplasttc. Thus samples of 
globin and of protamine have been encountered which cause 
an immediate coagulation of plasma by protein precipitation 
and ''pseudoclot** formation. The mechanism of this coagu- 
lation in the ca.se of globin has been previously outlined (I I). 
The fact that certain preparations of protamine may evoke 
a similar precipitation phenomenon leads to the conclusion 
that the apparently heightened coagulability of the blood of 
normal humans (12) cannot be interpreted as due to ncu- 
Iraliratton of the "normal” heparin content extant. 

The excess protamine content of certain protamine-insulin 
and protaraine-xiiic-insulin preparations has been utilized 
by pby.sicians for the control of capillar>' oozing even when 
the latter was probably not on the basis of hyperhcparincmia. 
Such protamine-insulin preparations have a definite protein 
precipitant action. Modified human globin (Strumm, 13) 
which is devoid of such nonspecific protein precipitant action 
has been found not to affect the coagulation time of normal 
human subjects after intravenous administration. 


phenomenon is included in the report only because 
of its possible academic interest. 


SUMMARY AND CONCLUSIONS 


Four phannaceutic classes of aiUihcparin- 
ics have been tested for the in vitro restora- 
tion of spontaneous coagulabilit}’^ to heparin- 
ized human blood. The investigation was 
undertaken because of the prominent role 
which such' therapy may assume in the 
hemorrhagic phases of atopic exudative syn- 
dromes such as the blood dyscrasias and 
radiation sickness. 

In rapidity of action and in vitro effective- 
ness, toluidine blue is found to be superior 
to both hematoxylin and modified human 
globin. 

Lactose, in solid phase, is antiheparinic 
but there appears to be no chance of the 
utilization of this property in practical anti- 
heparin therapy. 
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The Bactericidal Action of Oxygen-Liberating 
Substances on Oral Microorganisms. 

I. Studies with Fusiform Bacilli* 

By THOMAS C. GRUBB and MARGUERITE A. EDWARDS 


Two freshly isolated strains of fusiform bacilli, cultured in Brewer’s thioglycoUate 
medium, were inoculated into varying concentrations of sodium perborate, hydrogen 
peroxide, and a neutralized perborate dentifrice, diluted with water, saliva or saliva 
plus serum. Subcultures were made after thirty seconds, one, two, three, five, ten, and 
fifteen minutes’ contact. The presence or absence of growth after seven days’ incu- 
bation indicated the germicidal action of the substances tested. In a dilution of 1:5 
the neutralized perborate dentifrice killed all the test organisms in one minute or 
less. After five minutes’ contact the perborate dentifrice killed the test organisms in 
dilutions up to 1:40 in most instances. When sodium perborate and hydrogen per- 
oxide were compared with the perborate dentifrice in various dilutions of equal 
oxygen content, hydrogen peroxide was more effective and sodium perborate less 
effective than the perborate dentifrice in the higher dilutions. Although all three 
products were equally effective in the lower dilutions usually employed for oral use, 
the strong alkalinity of sodium perborate and the high acidity of commercial hydro- 
gen peroxide solutions are considered undesirable properties of products intended 

for oral application. 


^LTHOUGH oxygen-liberating substances 
have been used for many years in the 
treatment of oral infections, especially Vin- 
cent’s stomatitis, there appear to be few 
studies published on their bactericidal prop- 
erties. Indeed, with regard to sodium per- 
borate the United States Dispensatory (1) 
states, “It is rather extraordinary that de- 
spite the tremendous quantity of it which is 
used today, as far as we can find there is 
only one experimental investigation (2) 
concerning its bactericidal properties which 
has been published.” Furthermore, so far 
as the writers are aware, no study has been 
published showing the in vitro action of oxy- 
gen-liberating compounds on the organisms 
associated with Vincent’s infection — Fusi- 
formis denlium and Borrelia vincenli. Pos- 
sibly tlie reason for this situation is that fusi- 
form bacilli and especially oral spirochetes 
are relatively difficult to isolate and culture 
so that tliey may be utilized for in vitro 
tests. Since the recent literature indicates 
methods for isolating and culturing fusiform 
bacilli {S) and oral spirochetes (4, 5) it now 
is practicable to determine the action of oxy- 
genating agents on tliese organisms. The 
present report describes studies on tlie bac- 


tericidal action of hydrogen peroxide, sodium 
perborate, and a neutralized sodium perbo- 
rate dentifrice* on fusiform bacilli. 

EXPERIMENTAI, 

Two strains of fusiform bacilli (G. H. and F. N.) 
were isolated from normal, healthy mouths of two 
individuals by the method of Hine and Berry (3). 
These strains grew readily in Brewer’s thioglycoUate 
medium (6) and corresponded morphologically (see 
Fig. 1) and biochemically to Fusiformis denlium 
described by Hine and Berry. The number of fusi- 
form bacilli in a given inoculum was readily deter- 
mined by making a series of successively higher 
dilutions in Brewer’s medium, incubating the tubes 
for twenty-four hours at 37" and counting the num- 
ber of colonies in the tubes containing the higher 
dilutions. This is possible because the semisolid 
consistency of the medium permits the development 
of discrete colonies as shown in Fig. 2. Further- 
more, the number of organisms surviving contact 
with an oxygenating agent can likctrisc be deter- 
mined by counting the number of colonics develop- 
ing in the subculture tubes. 

In the first scries of experiments an attempt was 
made to determine how rapidly fusiform bacilli 
were killed by the neutralized perborate dentifrice 
diluted \rith water, saliva, or saliva plus scrum. 

> The dcntirricc (Ncutrox) has the folloiring composition: 
sodium perborate mooohydrale (U. S. P. dehydrated), 30%; 
monocalcium phosphate, 30%; iricaldum phosphate. 
23.87%; magnesium carbonate. 10%; saccharin soluble, 
0.3%; sodium chloride, 2%; menthol, 0.33%; oil of pep-' 
perminl, 0.6%; methyl salicylate. 0,G6%; oil of 
0.042%; liquid petrolatum, light, 1.81%; and 
lauryl sulfoacetatc, 0.5%. U. S. patent N’o. 2,0^i,C7t, 


Received June 11. lD-17, from the Research Laboratories, 
ick Chemical Company, Rtushing, N, Y. 
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in. Hematoiylin. — Because hematoxylin also 
stains the basophilic granules in the mast cells and 
because it has proved nontoxic on oral administra- 
tion (it has been used in doses as high as 5 Gm. as an 
astringent in diarrheas) the antiheparinic effect of 
this dye was tested in vitro. For concentrations up 
to 2% of heparin, it is equal in effectiveness to tolui- 
dine blue but for higher concentrations of the anti- 
coagulant, the action of hematoxylin becomes com- 
plicated by a marked precipitation of plasma pro- 
teins.' 

■\\Ticther the facility of oral administration and 
the cost of purification of logtvood extracts will 
justify their exploitation as antiheparinics is a 
question that still remains to be decided. 

rV. Polysaccharides. — Lactose, in solid phase, 
induces rapid coagulation of heparinized blood. 
Starch and glycogen have a similar, though weaker, 
effect. Solutions of polysaccharides containing no 
excess in solid phase are devoid of antiheparinic ac- 
tion Presumably in this instance we are dealing 
with a surface reaction, the heparin being adsorbed 
by and its acid grouits neutralized by the hydroxyls 
of the polysaccharide. There appears to be no 
chance for the pharmaceutic utilization of the 
heparin neutralizing properties of saccharides, at 
least in systemic antiheparinic therapy, and the 


^ In this connection it must be pointed out that all electro* 
positive colloid substances may precipitate certain fractions 
of the plasma proteins, including fibrinogen, i.e., they may in 
themselves be directly thromboplastic. Thus samples of 
globin and of protamine have been encountered which cause 
an imme<liate coagulation of plasma by protein precipitation 
and "pseudtKiot" formation. The mechanism of this coagu- 
lation in the case of globin has been previously outlined (11). 
The fact that certain preparations of protamine may evoke 
a similar precipitation phenomenon leads to the conclusion 
that the apparently heightened coagulability of the blood of 
normal humans (12) cannot be interpreted as due to neu- 
tralization of the "normal” heparin content extant. 

The excels protamine content of certain protamine-insulin 
and protaraine-zinc-insulin prcp.arations has been utilized 
by physicians for the control of capillary oozing even when 
the latter w as probably not on the basis of hyperheparinemia. 
Such protamine-insulin preparations have a definite protein 
precipitant action. Modified human globin (Strumia, 13) 
which IS devoid of suc^’ — . ....... 

has been found not tr 
human subjects after 


phenomenon is included in the report only bcc.iuse 
of its possible academic interest. 


SUMMARY AND CONCLUSIONS 


Four pharmaceutic classes of aiitilicpariii- 
ics have been tested for the hi vitro restora- 
tion of spontaneous coagulabilit}’^ to heparin- 
ized human blood. The investigation was 
undertaken because of the prominent role 
which such' therapy ma}' assume in the 
hemorrhagic phases of atopic exudative syn- 
dromes such as the blood dyscrasias and 
radiation sickness. 

In rapidity of action and in vitro effective- 
ness, toluidine blue is found to be superior 
to both hematoxylin and modified human 
globin. 

Lactose, in solid phase, is antiheparinic 
but there appears to be no chance of the 
utilization of this property in practical anti- 
heparin therapy. 
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The Bactericidal Action of Oxygen-Liberating 
Substances on Oral Microorganisms. 

I. Studies with Fusiform Bacilli* 

By THOMAS C. GRUBB and MARGUERITE A. EDWARDS 


Two freshly isolated strains of fusiform bacilli, cultured in Brewer’s thioglycollate 
medium, were inoculated into varying concentrations of sodium perborate, hydrogen 
peroxide, and a neutralized perborate dentifrice, diluted with water, saliva or saliva 
plus serum. Subcultures were made after thirty seconds, one, two, three, five, ten, and 
fifteen minutes’ contact. The presence or absence of growth after seven days’ incu- 
bation indicated the germicidal action of the substances tested. In a dilution of 1:5 
the neutralized perborate dentifrice killed all the test organisms in one minute or 
less. After five minutes’ contact the perborate dentifrice killed the test organisms in 
dilutions up to 1:40 in most instances. When sodium perborate and hydrogen per- 
oxide were compared with the perborate dentifrice in various dilutions of equal 
oxygen content, hydrogen peroxide was more effective and sodium perborate less 
effective than the perborate dentifrice in the higher dilutions. Although all three 
products were equally effective in the lower dilutions usually employed for oral use, 
the strong alkalinity of sodium perborate and the high acidity of commercial hydro- 
gen peroxide solutions are considered undesirable properties of products intended 

for oral application. 


^LTHOUGH oxygen-Eberating substances 
have been used for many years in the 
treatment of oral infections, especially Vin- 
cent’s stomatitis, there appear to be few 
studies published on their bactericidal prop- 
erties. Indeed, with regard to sodium per- 
borate the United States Dispensatory (1) 
states, “It is rather extraordinary that de- 
spite the tremendous quantity of it which is 
used today, as far as we can find there is 
only one experimental investigation (2) 
concerning its bactericidal properties which 
has been published.” Furthermore, so far 
as the rvriters are aware, no study has been 
published showing the in vitro action of oxy- 
gen-liberating compounds on the organisms 
associated with Vincent’s infection — Fnsi- 
formis dentium and Borrelia idncenti. Pos- 
sibly the reason for this situation is that fusi- 
form bacilli and especially oral spirochetes 
are relatively difficult to isolate and culture 
so tliat they may be utilized for Bi vitro 
tests. Since the recent literature indicates 
mctliods for isolating and culturing fusiform 
baciUi (3) and oral spirochetes (4, 5) it now 
is practicable to determine the action of oxy- 
genating agents on these organisms. The 
present report describes studies on tlie bac- 


tericidal action of hydrogen peroxide, sodium 
perborate, and a neutralized sodium perbo- 
rate dentifrice* on fusiform bacilli. 

EXPERIMENTAL 

Two strains of fusiform bacilli (G. H. and F. N.) 
were isolated from normal, healthy mouths of two 
individuals by the method of Hine and Berry (3). 
These strains grew readily in Brewer’s thioglycollate 
medium (6) and corresponded morphologically (sec 
Pig. 1) and biochemically to Fusi/onttis dentium 
described by Hine and Berry. The number of fusi- 
form bacilli in a given inoculum was readily deter- 
mined by making a series of successively higher 
dilutions in Brewer's medium, incubating the tubes 
for twenty-four hours at 37° and counting the num- 
ber of colonies in the tubes containing the higher 
dilutions. This is possible because the semisolid 
consistency of the medium permits the development 
of discrete colonies as shown in Fig. 2. Further- 
more, the number of organisms surviving contact 
with .an oxygenating agent can likewise be deter- 
mined by counting the number of colonies develop- 
ing in the subculture tubes. 

In the first series of experiments an attempt was 
made to determine how rapidly fusiform bacilli 
were killed by the neutralized perborate dentifrice 
diluted with water, saliva, or saliva plus serum. 

* The dentifrice (Neulrox) has the following composition: 
sodium perborate monobydrate (U. S. P. dehydrated), 30%; 
monocnlcium phosphate. 309o; tricaldum phosphate, 
23.87%: magnesium carbonate, lOS^; saccharjo soluble, 
0.3%; sodium chloride, 2%;^ menthol, 0.33%; ^ oil of pep- 
permint. 0.5%; methyl salicylate, 0.05%; oil of anise, 
6.042%; liquid petrolatum, light, 1.81%; and sodium 
lauryl sulfoacctatc, 0.5%. ’ U. S. patent No. 2,094.071. 
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Table I.— Bactericidal Action of the Neutralized Perborate Dentifrice Diluted 1:5 on I'. 

DENTIUM 


•Strain G. H. * / Strain F. N.- 


Contact 

Water 

Saliva 

Saliva -b 

Water 

Saliva 

Saliva -b 

Time 

Dll. 

DiJ. 

Serum DiL 

Dil 

Dil. 

Serum Dil 

30 sec. 

2D 

1 

0 

0 

2 

9 

1 min. 


0 

0 

0 

0 

0 

2 min. 

0 

0 

0 

0 

0 

0 

3 min. 

0 

0 

0 

0 

0 

0 

Control 

22,900 

320,000 

320,000 

2,700,000 

8,000,000 

- 8,000,000 


“ Figures indicate number of colonies in subculture tube. ^ 0 = no growth in subculture tube. 



Fig. 1. — Fusiform bacilli from blood agar culture 
stained with gentian violet X 750. 


In performing the test 0.5 cc. of a twenty-four-hour 
thioglycollate culture was added to 5 cc. of the denti- 
frice diluted 1 : 5 in distilled water, sterile saliva, or 
saliva plus 10% sterile rabbit scrum. The tubes 
containing the diluted dentifrice and test organisms 
were kept in a 37° water bath and a 4-mm. loop was 
used to transfer a loopful of the mixture to tubes 
containing 20 cc. of thioglycollate medium after 
thirt}- seconds, one, two, and three minutes’ con- 
tact. The subculture tubes were incubated at 37° 
for seven days before recording the absence of 
growth, number of colonies developing, or simply 
the presence of growth where the number of colonies 
was too minicrous to count. 

To determine whether absence of growth in the 
subculture tubes indicated a bactericidal or bacterio- 
static action of the dentifrice, the following test was 
carried out a number of times. A loopful of a 1;.5 
dilution of the dentifrice was inoculated into a tube 
of thioglycollate medium followed by a loopful of 
the fusiform bacilli (diluted 1:11 to correspond 
with the concentration used in the actual test). 
IMien these tubes were incubated growth always de 
velopetl promptly and iwofusely indicating that the 
■‘carrj- over" of the dentifrice into the subculture 
tube was insufucient to produce bacteriostatic con- 
ditions; or, that the sodium thioglycollate in the 
medium inactivated any sodium perborate that 
might be carried over by the loop. Hence it is be- 
lieved that all of the tests reported in this paper 


where no growtii was found in the snbcultnre tubes 
may be construed as indicating that the fusifortu 
bacilli were actually killed rather thail merely in- 
hibited from growing. An additional control test 
consisting of fusiform bacilli suspended in water 
up to five minutes at 37° showed that this treatment 
did not reduce the number of organisms. 

In this first series of tests a 1:5 dilution of the 
dentifrice was chosen for testing because it has been 
estimated that this is the approximate concentra- 
tion of the dentifrice in the mouth under the usual 
conditions of use. 

The results shown in Tabic I indicate the c.x- 
trcmcly rapid bactericidal action of the neutralized 
perborate dentifrice. It should be noted that while 
the dentifrice killed some 320,000 G. H. organisms 
and 8,000,000 F. N. organisms, it should not be 
concluded that the dentifrice is less effective against 
the G. H. strain, for these figures simply indicate 
the number of organisms in tlic inoculum and quite 
possibly larger numbers of G. H. organisms would 
have been killed if they had been present in the 
inoculum. Inocula containing larger numbers of 
the G. H. strain were not tested. While the two fusi- 
form strains appeared to be similar morphologically 
and biochemically, the F. N. strain usually grew 
much more luxuriantly than the G. H. strain so tli.it 
higher concentrations of F. N. organisms were used 
as the inocnlnm in most tests. This may e.xplain 



Fig. 2. — I'luiforin Ijicilli growing in tuljcs of 
thioglycollate media. .Note tlie discrete, stakactite- 
shaped colonies. 
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Table II.— BACTERicaDAL Action op the Neutralized Perborate Dentifrice Diluted 1-10 to 1-160 

ON F. DBNTIUM 


Dilution 

6' 

Water Dil. 
10' 

IS' 

5' 

Saliva Dil. 
10' 

15' 

Saliva + Serum Dil. 

5' 10' 15' 

1:10 





Strain G. H. 





1:20 

— 

— 

— 

— 


__ 




1:40 

— 

— 

— 

28 

— 

— 

+ 



1:80 

85'' 

— 

— 

-f 


+ 

+ 

+ 

+ 

1:160 

+” 

+■ 

20 

+ 

+ 

-f 

+ 


+ 

1:10 





Strain F. N. 


5 



1:20 

— 

— 

— 

3 

— 

— 

5 



1:40 

— • 

— 

— 

+ 

— 

— 

-f 

1 


1:80 

+ 

— 

— 

+ 

+ 

+ 

+ 

+ 


1:160 

+ 

+ 


+ 


+ 

+ 


-f 


“ — = no growth in subculture tube. “ -i- = Colonies too numerous to count 

® Figures indicate number of colonies in subculture tube. 


why the F. N. strain often showed larger numbers of 
survivors than the G. H. strain in the subculture 
tubes, although the possibility that the F. N. or- 
ganisms are more resistant per se than the G. H. 
organisms is not excluded. 

The presence of saliva or saliva plus serum in the 
dilution mixture did not appear to have much effect 
on the bactericidal action of the dentifrice in this 
series of experiments. 

Since the neutralized perborate dentifrice was so 
effective in low dilutions it was thought of interest 
to determine its action in higher dilutions and longer 
periods of contact with the test organisms. 

Here again the neutralized perborate dentifrice 
shows a clear-cut bactericidal action in dilutions 
up to 1:40 in most instances. The difference be- 
tween the results obtained with the two strains of 
fusiform bacilli is very marked in this series of tests. 
The F. N. strain was not killed so readily as the G. H. 
strain either because of the higher concentration of 
organisms in the inoculum or its inherent resistance. 


as noted above. The presence of saliva and serum 
caused some reduction in bactericidal activity. 

Since sodium perborate or hydrogen peroxide is 
often used in dental practice to treat oral infections, 
it seemed of interest to compare their in vitro bac- 
tericidal action on fusiform bacilli with that of the 
neutralized perborate dentifrice. The test method 
was the same as that employed in the preceding ex- 
periments. In preparing the dilutions of the sub- 
stances to be tested, the concentration of available 
oxygen per Gm. or cc. was first determined and 
then dilutions in water were made so that the corre- 
sponding dilution of each substance contained the 
same amount of available oxygen; e.g., a 1:50 
dilution of sodium perborate and a 1: 15 diiution of 
the neutralized perborate dentifrice contained equi- 
valent amounts of available oxygen. The bactericidal 
tests were carried out within a few minutes after 
preparing the dilutions of each compound. 

The results shown in Table III suggest that the 
neutralized perborate dentifrice is somewhat more 


Table III. — Comparison of Bactericidal Action of the Neutralized Perborate Dentifrice and 
Sodium Perborate Monohydrate on F. dentium 


Perborate 

Dentifrice 

Dilutions 


1:15 

1:30 

1:60 

1:120 

1:240 


S' 


Perborate Dentifrice 

Strain G. H. Strain F. N. 

10' 15' 5' 10' 


7’- 

4 


Sodium . Sodium Perborate 

Perborate Strain G. H. Strain F. N. 


IS Dilutions 5' 

- 1:50 

1:100 - 

- 1:200 11 

- 1:400 33 

- 1:800 100 


10' 15' 5' 10' 


- 4 - 

- 30 - 

- 5 - 


IS' 


“ — = no growth in subculture tube. 


* Figures indicate number of colonies in subculture tube. 


Table IV. — Comparison of Bactericidal Action of the Neutralized Perborate Dentifrice and 

Hydrogen Peroxide on F. dentium 


Perborate . Perborate Dentifrice Hydrogen 

Dentifrice Strain G. H. Strain F. N. Peroxide 

Dilutions S' 10' 15' 5' 10' 15' Dilutions 

1:10 1:2.34 

1:20 - _ _ _ - - 1:4.68 

1:40 - _ _ _ _ - 1:9.30 

1:80 n _ _ _ - - 1:18.72 

1:160 6 - - 4 3 - 1:37.44 


Strain G. H. 

5 ' 10 ' 15 


Hydrogen Peroxide- 


Strain F. N. 

10 ' 15 ' 


9 


no growth in subculture tube. 


Figures indicate number of polonies in subculture tube. 
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cffeCtivL- tlian sodium perborate monohydrate when 
compared in the higher dilutions of equal available 
oxygen concentration. 

Ulien the neutralized perborate dentifrice is 
compared witli h)'drogen peroxide (U. S. P.), the 
latter appears more effective in the higher dilutions. 
It is possible that the greater activity of hydrogen 
peroxide may result from its low pYl (3.7 to d.O in 
the dilutions tested), while the neutralized perborate 
dentifrice is essentially neutral, as demonstrated by 
Manchey and Lee (7). 

In comparing the bactericidal action of hj’drogen 
peroxide, sodium perborate, and the neutralized 
perborate dentifrice it is questionable whctlier the 
classical method of comparing germicides by deter- 
mining the highest dilution which fails to show 
growth in the subculture tubes gives a fair indication 
of their relative value in aetual usage. It is quite 
possible that all three substances are equally germici- 
dal in the low dilutions in which they are usually em- 
ployed in the mouth. 

DISCUSSION 

Although the results reported here are based on 
the use of but two strains of fusiform bacilli, it is 
believed that the bactericidal action of the oxygen 
liberating compounds was so consistent and clear 
cut that only slight variations in the results would 
be anticipated with a larger number of strains. 

The dilution of the oxygenating agents with 
saliva and serum was, of course, intended to simu- 
late in vivo conditions, and although there is some 
indication that these substances decrease the bac- 
tericidal actixnty in the higher dilutions tested, there 
is no significant reduction in activity in the dilutions 
ordinarily employed in oral application. 

WTiile it was pointed out above that in the dilu- 
tions ordinarily used in the mouth, hydrogen per- 
oxide, sodium perborate, and the neutralized per- 
borate dentifrice may have equal bactericidal ac- 
tion, other factors must be taken into consideration 
in evaluating the usefulness of any substance de- 
signed for oral application. Other factors being 
equal, it would appear desirable to employ a com- 


pound which was neither strongly alkaline, ns is 
recognized in the case of sodium perborate (/)H 0.9 
in the dilutions tested), nor quite acidic as in the 
case of hydrogen peroxide, due to the oxygen pre- 
servative added to commercial preparations. 

The wide usage of oxygen-liberating substances 
in the treatment of Vincent’s infection appears to 
be based almost entirely on the satisfactorj’ thera- 
peutic results obtained in most cases. A recent 
study conducted in .an Army hospital by Wihr (8) 
where cases of Vincent’s infection were tre.ated with 
penicillin by topical application or injection and 
the auxiliary use of an oxygen-liberating compound 
as a mouth wash, seems to indicate the continued 
use of oxygenating compounds in modem oral 
therapy. The in vitro demonstration of the rapid 
bactericidal action of oxygen-liberating substances 
on fusiform bacilli would appear to lend experimental 
support to the more or less empirical usage of 
these substances for the treatment of oral infections. 

SUMMARY 

Controlled bactericidal tests witli sodium 
perborate, hydrogen peroxide, and a neu- 
tralized perborate dentifrice diluted with 
water, saliva, or saliva plus serum demon- 
strated the ability of these substances to kill 
oral fusiform bacilli rapidly and with ap- 
proximately equal facility in tlie dilutions 
and simulated conditions of actual usage. 
The choice of these oxygen-liberating agents 
for oral application is discussed. 
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Chemical Investigation of Preinna Integrifolia Linn.* 

By N. K. BASU and P, C. DANDIYA 


Two alkaloids, Premnine and Ganiarine, 
have been isolated from Premtia iutegriJoUa 
and their physical and chemical properties 
described. 

remna integrifolia Linn, or Premna 
spinosa Roxb. is a small tree or a big 
shrub belonging to the natural order Ver- 
benaceae. It grows in India near the sea 
from Bombay to Malacca and Sylhet. It 
also grows in Ceylon. The common Indian 
names of the plant are Ganikarika (Sans- 
krit), Ganiari and Arni (Hindi, Bengali, and 
Gujrati), Munnay (Tamil). 

The name “Ganiari” is very indiscrim- 
inately applied to another plant, Cleroden- 
dron phlomoides Roxb. belonging to the same 
natural order, but the latter is distinguished 
from the former by its vernacular synonym 
"Chhoti Ami” as the corresponding syn- 
onym for P. integrifolia is “Bari Arni.” 

' The dmg is very extensively used in the 
Ayurvedic system of medicine and the roots 
are considered to be laxative, stomachic and 
alexiphannic. The decoction of the roots 
is given in gonorrhea and during convales- 
cence from fever. It is an important in- 
gredient of “dasamula.” 

Regarding the chemical constituents of 
the drug, Dymock, Wardon, and Hooper 
(1) report the presence of an amorphous 
alkaloid, a substance reducing Fehling’s 
solution, and an astringent body giving a 
green color with ferric chloride but giving 
no precipitate with gelatin. Beyond this, 
little work on the chemical constituents of 
tlie dmg seems to have been done. 

The present authors have been able to 
isolate two different alkaloids from the 
stem bark of the tree; one, Premnine, (em- 
pirical formula C^HisNO and m. p. S2°) in 
pure amorphous form, from its pure cr 5 ’'stal- 
line hydrochloride; and the other, Ganiar- 
ine, only in the cmde form. Ganiarine is 
extremely soluble in water, while premnine 
is only moderately soluble, which fact has 


formed the basis of separation of these al- 
kaloids. Some derivatives of the bases have 
also been prepared. Some unsaturated hy-- 
drocarbons of high molecular weight have 
also been detected in the dmg. The pharma- 
cological action of premnine has been 
studied to some extent. 

EXPERIMENTAL 

Preliminary investigations with different solvents 
soon established the fact that the drug is best ex- 
tracted with 90% alcohol by soxhlation. An acid 
solution of the crude alkaloidal bases is precipitated 
by Mayer’s, Dragendorff’s, Wagner’s, and other 
alkaloidal reagents. Dragendorff’s reagent is found 
to be the most suitable for the purpose. 

Ten kilograms of the coarsely powdered drug was 
extracted with hot rectified spirit by soxhlation. 
The extract, on keeping, deposited some granular 
sediment. The clear supernatant liquid was de- 
canted off and the sediment was reserved for in- 
vestigation (A). The decantate was concentrated 
to a syrupy consistency and the hot syrupy liquid 
was slowly poured into 5 L. of warm hydrocWoric 
acid (1%), with constant shaking. The mixture 
was shaken mechanically for two hours and filtered. 
A portion of the filtrate (500 cc.), representing I Kg. 
of the drug, was transferred to a separatory funnel 
and shaken with chloroform to remove the coloring 
matter, each chloroform extract being washed with 
the same 1% HCl kept in another separator. The 
acid liquid was then rendered alkaline with dilute 
ammonia and was shaken repeatedly with chloro- 
form. It was observed that even 2 L. of chloroform 
could not extract the alkaloids completely. Extrac- 
tion with chloroform was continued after successive 
addition of stronger alkalies like sodium carbonate 
and sodium hydroxide, but this also did not help 
in the complete extraction of the alkaloids. The 
aqueous liquid which still gave a strong test with 
Dragendorff’s reagent was made neutral to litmus 
and rescrx'cd (B). 

The rest of the acid extract was extracted with 
chloroform by the above process and the combined 
chloroform extract was dried over anhydrous sodium 
sulfate and filtered. The filtrate on distillation left 
behind a dark brown residue weighing 4.2 Gm. 

Purification. — The residue was dissolved in a few 
cubic centimeters of chloroform and gasoline was 
added dropwise, whereby a lot of resinous matter 
precipitated. The supernatant liquid was decanted 
off and evaporated; the residue was again dis- 
solved in a little chloroform and ether was added 
to it in excess, when black resins separated. The 
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effective than sodium perborate monohydrate when 
compared in the higher dilutions of equal arailable 
oxygen concentration. 

WTien the neutralized perborate dentifrice is 
compared with hydrogen peroxide (U. S. P.), the 
latter appears more effective in the higher dilutions. 
It is possible that the greater actirnty of hydrogen 
peroxide may result from its low (3.7 to 4.9 in 
the dilutions tested), while the neutralized perborate 
dentifrice is essentially neutral, as demonstrated by 
Manchey and Lee (7). 

In comparing the bactericidal action of hydrogen 
peroxide, sodium perborate, and the neutralized 
perborate dentifrice it is questionable whether the 
classical method of comparing germicides by deter- 
mining tlie highest dilution which fails to show 
growth in the subculture tubes gives a fair indication 
of their relative value in actual usage. It is quite 
possible that all three substances are equally germici- 
dal in the low dilutions in which they are usually em- 
ployed in the mouth. 

DISCUSSION 

Although the results reported here are based on 
the use of but two strains of fusiform bacilli, it is 
believed that the bactericidal action of the oxj'gen 
liberating compounds was so consistent and clear 
cut that only slight variations in the results would 
be anticipated with a larger number of strains. 

The dilution of the oxygenating agents with 
saliva and serum was, of course, intended to sunu- 
late in vivo conditions, and although there is some 
indication that tliese substances decrease the bac- 
tericidal activity in the higher dilutions tested, there 
is no significant reduction in actitnty in the dilutions 
ordinarily employed in oral application. 

WTiile it was pointed out above that in the dilu- 
tions ordinarily used in the mouth, hydrogen per- 
oxide, sodium perborate, and the neutralized per- 
borate dentifrice may have equal bactericidal ac- 
tion, other factors must be taken into consideration 
in evaluating the usefulness of any substance de- 
signed for oral application. Other factors being 
equal, it would appear desirable to employ a com- 


pound which was neither strongly alkaline, as is 
recognized in the case of sodium perborate (pH 9.9 
in the dilutions tested), nor quite acidic as in the 
case of hydrogen peroxide, due to the oxygen pre- 
serx’ative added to commercial preparations. 

The rvide usage of oxygen-liberating substances 
in the treatment of Vincent’s infection appears to 
be based almost entirely on the satisfactory thera- 
peutic results obtained in most cases. A recent 
study conducted in an Army hospital bi’ Wihr (S) 
where cases of Vincent’s infection were treated with 
penicillin by topical application or injection and 
the auxiliary use of an oxygen-liberating compound 
as a mouth wash, seems to indicate the continued 
use of oxygenating compounds in modem oral 
therapy. The in vitro demonstration of the rapid 
bactericidal action of oxygen-liberating substances 
on fusiform bacilli would appear to lend experimental 
support to the more or less empirical usage of 
these substances for the treatment of oral infections. 

SUMMARY 

Controlled bactericidal tests with sodium 
perborate, h5’^drogen peroxide, and a neu- 
tralized perborate dentifrice diluted with 
water, saliva, or saliva plus serum demon- 
strated the abUit}’- of these substances to kill 
oral fusiform bacilli rapidly and with ap- 
proximately equal facility in the dilutions 
and simulated conditions of actual usage. 
The choice of these oxj’^gen-hberating agents 
for oral application is discussed. 
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Chemical Investigation of Premna Integrifolia Linn.* 

By N. K. BASU and P. C, DANDIYA 


Two alkaloids, Premnine and Ganiarine, 
have been isolated from Premna integrifolia 
and their physical and chemical properties 
described. 

premna integrifolia Linn, or Premna 
^ spinosa Roxb. is a small tree or a big 
slirub belonging to the natural order Ver- 
benaceae. It grows in India near the sea 
from Bombay to Malacca and Sylhet. It 
also grows in Ceylon. The common Indian 
names of the plant are Ganikarika (Sans- 
krit), Ganiari and Arni (Hindi, Bengali, and 
Gujrati), Munnay (Tamil). 

The name "Ganiari” is very indiscrim- 
inately applied to another plant, Cleroden- 
dron phlotnoides Roxb. belonging to the same 
natural order, but the latter is distinguished 
from the former by its vernacular synonym 
"Chhoti Ami” as the corresponding syn- 
onym for P. integrifolia is “Bari Arni.” 

' The dmg is very extensively used in the 
Ayurvedic system of medicine and the roots 
are considered to be laxative, stomachic and 
alexipharmic. The decoction of the roots 
is given in gonorrhea and during convales- 
cence from fever. It is an important in- 
gredient of "dasamula.” 

Regarding the chemical constituents of 
the drug, Dymock, Wardon, and Hooper 
(1) report the presence of an amorphous 
alkaloid, a substailce reducing Fehling’s 
solution, and an astringent body giving a 
green color with ferric chloride but giving 
no precipitate with gelatin. Beyond this, 
little work on the chemical constituents of 
the drug seems to have been done. 

The present authors have been able to 
isolate two different alkaloids from the 
stem bark of the tree; one, Premnine, (em- 
pirical formula CnHuNO and m. p. 82 °) in 
pure amorphous form, from its pure cr}mtal- 
line hydrochloride; and the other. Ganiar- 
ine, only in the cmde form. Ganiarine is 
O-xtremely soluble in water, while premnine 
is only moderately soluble, which fact has 


formed the basis of separation of these al- 
kaloids. Some derivatives of the bases have 
also been prepared. Some unsaturated hy- 
drocarbons of high molecular weight have 
also been detected in the drug. The pharma- 
cological action of premnine has been 
studied to some extent. 

EXPERIMENTAL 

Preliminary investigations with different solvents 
soon established the fact that the drug is best ex- 
tracted with 90% alcohol by soxhlation. An acid 
solution of the crude alkaloidal bases is precipitated 
by Mayer’s, Dragendorff’s, Wagner’s, and other 
alkaloidal reagents. Dragendorff’s reagent is found 
to be the most suitable for the purpose. 

Ten kilograms of the coarsely powdered drug was 
extracted with hot rectified spirit by soxhlation. 
The extract, on keeping, deposited some granular 
sediment. The clear supernatant liquid was de- 
canted off and the sediment was reserved for in- 
vestigation (A). The decantatc was concentrated 
to a syrupy consistency and the hot syrupy liquid 
was slowly poured into 5 L. of warm hydrochloric 
acid (1%), with constant shaking. The mixture 
was shaken mechanically for two hours and filtered. 
A portion of the filtrate (500 cc.), representing 1 Kg. 
of the drug, was transferred to a separatory funnel 
and shaken with chloroform to remove the coloring 
matter, each chloroform extract being washed with 
the same 1% HCI kept in another separator. The 
acid liquid was then rendered alkaline with dilute 
ammonia and was shaken repeatedly with chloro- 
form. It was observed that even 2 L. of chloroform 
could not extract the alkaloids completely. Extrac- 
tion with chloroform was continued after successive 
addition of stronger alkalies like sodium carbonate 
and sodium hydroxide, but this also did not help 
in the complete extraction of the alkaloids. The 
aqueous liquid whicli still gave a strong test with 
Dragendorff’s reagent w.as made neutral to litmus 
and reserv-ed (B). 

The rest of the acid e.xtract was extracted with 
chloroform by the above process and the combined 
chlorofonn extract was dried over anhydrous sodium 
sulfate and filtered. The filtrate on distillation left 
behind a dark brown residue weighing 4.2 Gm. 

Purification. — ^The residue was dissolved in a few 
cubic centimeters of chloroform and gasoline was 
added dropwise, whereby a lot of resinous matter 
precipitated. The supernatant liquid was decanted 
off and evaporated; the residue was again dis- 
solved in a little chloroform and ether was added 
to it in excess, when black resins separated. The 
aljovc process was repented several times. The 
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product finally obtained was yellow in color. Ef- 
forts were made to crystallize tbe base from various 
solvents, but it did not show a tendency to crystal- 
lize. 

Preparation of the Hydrochloride. — The dry, 
yellowish semipurified alkaloidal residue was dis- 
solved in dry ether and a few drops of absolute 
alcohol saturated with HCl gas were added to it 
drop by drop, when a yellowish precipitate was ob- 
tained. The precipitate obtained was dissolved in 
absolute alcohol and crystallized. The hydrochlo- 
ride as finally obtained is in the form of colorless acic- 
ular crystals melting at 211-213°. The yield ob- 
tained was 65 mg. The name Premnine hydro- 
chloride is suggested for it by the authors. A micro- 
photograph of the hydrochloride is shown in Fig. 1. 



Figure 1 


Preparation of the Base. — A portion of the hydro- 
chloride was rubbed with moist silver oxide and a 
few cubic centimeters of water was added and the 
whole was again mixed thoroughly. The mixture 
was filtered and the filtrate on evaporation at 70° 
gave an amorphous base melting at 82°. It did not 
crystallize from any of the common solvents. The 
following derivatives were prepared: premnine 
picrate, m. p. 98-101° (with decomp.); premnine 
platinum chloride, decomposing at 254—256°, 

On submitting the hydrochloride to semimicro 
combustion analysis, the following results were ob- 
tained: Carbon, 67.88; Hydrogen, 6.096; Nitro- 
gen, 5.551; Chlorine, 14.41; O.xygen (by differ- 
ence), 6.063. 

By dividing the proportionate numbers of all the 
elements by the number of nitrogen, the empirical 
formula comes to ChHuNO. The empirical weight 
calculated from this formula is 213. 

A weighed amount of the platinum chloride deriv- 


ative was ignited in a microcrucible and the residue 
weighed. Assuming the base to be mono-acidic the 
molecular weight calculated from the data obtained 
is 212 and compares very closely with that obtained 
by calculation from the empirical formula. 

Ganiarine. — To the neutral, aqueous solution "B” 
reserved previously was added an excess of strong 
solution of lead subacetate (B. P.) when a bulky 
precipitate of lead tannate was obtained. The pre- 
cipitate was filtered off and H 2 S gas was passed in 
the filtrate to precipitate the excess of lead as lead 
sulfide. After passing a current of air to remove the 
dissolved HjS gas the bright yellow filtrate was 
evaporated to 50 cc. under reduced pressure. The 
concentrated extract was made alkaline- with am-_ 
monia and again extracted with chloroform. It was 
observed that even 500 cc. of chloroform extracted 
very little alkaloid. The aqueous liquid was once 
again made neutral and evaporated to dryness in 
vacuo. The residue was extracted with absolute 
alcohol, which eliminated most of the salts formed 
during the previous processes. The alcoholic ex- 
tract was concentrated and an excess of ether was 
added to it, when resins and more salts separated. 
The process was repeated several times and the 
product finally obtained by evaporation of the 
ethereal extract, was yellowish brown in color. 
Further purification of the alkaloid could not be at- 
tempted. The platinum chloride derivative which 
could be prepared from the crude base decomposes 
at 239-241°. 

Hydrocarbons. — The' granular sediment "A," 
reserved previously, on examination was found to be 
a mixture of unsaturated aromatic hydrocarbons of 
high molecular weight. 

Pharmacology of Premnine 

(a) On Blood Vessels. — The action of premnine 
on blood vessels was studied by determining the per- 
fusion rate in a frog. First of all the number of 
drops of frog-Ringer Solution, flowing per minute 
was counted. Then 0.5 cc. of 1:5000 solution of 
premnine hydrochloride was injected into the rubber 
tubing connecting the reservoir of the frog-Ringer 
Solution to the ventricle of the frog and the number 
of drops per minute after the injection was counted. 
Three such readings were taken in each case. The 
mean of the readings was 37 and 27, respectively. 
The results show that the drug raises the blood pres- 
sure by contracting the blood vessels, i.e., a sym- 
pathomimetic drug. 





Figure 2 


(b) On the Heart. — Heart of a pithed frog was 
exposed and frequently perfused with frog-Ringer 
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Solution. The ventricle of the heart was connected 
through a bent hook with the cardiograph lever 
attached rrith a small pointer touching the smoked 
paper fixed to the rotating drum. The curves indi- 
cating the normal contractions of the heart and also 
the contractions after perfusion with 1:5000 solu- 
tion were recorded (Fig. 2). As is apparent from 
the recorded tracings the drug decreases the force 
of contraction of a frog’s heart. 

(c) On the Eye . — A drop of 1 : 10,000 solution of 
premnine on being put into one of the eyes of a frog 
showed dilation of the eye pupil. The same was ob- 
sei-red in the case of a puppy. 

SUMMARY 

1. Two alkaloids — one, premnine in pure 
amorphous form (m. p, 82°, empirical for- 


mula ChHisNO) and the other, “ganiarine” 
only in crude form (platinum cliloride deriv- 
ative decomposes at 239-241°) — have been 
isolated from the stem bark of Prcmm in- 
tcgri folia. 

2. The pharmacological actions of prem- 
nine have been studied on blood vessels, 
heart, and eye of a frog. 

3. Some unsaturated aromatic hydro- 
carbons of high molecular weight have also 
been detected in the drug. 
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The Estimation of Aloin in Pharmaceuticals* 


By K. G. STONE! 


or 


A polarographic method for determination of 
aloin in pharmaceuticals has been applied to 
seven commercial preparations. 

"pHE USE of aloin in the form of aloes 
aloin isolated from aloes for pharraaceu- 
ical piuposes is very old. There has been 
n obvious need for an analytical method 
or the estimation of aloin both in raw ma 
erials and in finished products. Previous 
fiethods have usually involved either ex 
raction of the aloin or precipitation ot 
alcium aloinate, both of which have been 

riticized on many points.^ ^ i 'tn 

ind Furman (1) have utilized the P° ® ' 
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potentials required for the reduction of tlK'.se groiipy 
are sufficiently different that the jjotential is char- 
acteristic for the particular group. TIic electrolytic 
measurements are made by measuring tlie current 
that flows at increasing potentials irith a dropping 
mercuiy electrode and a quiet pool of mercury as tlie 
other electrode with no stirring of the solution. The 
mercury drop is usually the cathode with reduction 
occurring. 

If the solution being electrolyzed contains an 
electrolyte, preferably a buffer solution to eliminate 
pH effects, no appreciable current flows until enough 
potential is applied to reduce something in the solu- 
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product finally obtained was yellow in color. Ef- 
forts were made to crystallize the base from various 
solvents, but it did not show a tendency to crystal- 
lize. 

Preparation of the Hydrochloride. — The dry, 
yellowish semipurified alkaloidal residue was dis- 
solved in dry ether and a few drops of absolute 
alcohol saturated with HCl gas were added to it 
drop by drop, when a yellowish precipitate was ob- 
tained. The precipitate obtained was dissolved in 
absolute alcohol and crystallized. The hydrochlo- 
ride as finally obtained is in the form of colorless acic- 
ular crystals melting at 211-213°. The yield ob- 
tained was 65 mg. The name Premnine hydro- 
chloride is suggested for it by the authors. A micro- 
photograph of the hydrochloride is shown in Fig. 1. 



Figure 1 


Preparation of the Base. — portion of the hydro- 
chloride was rubbed with moist silver oxide and a 
few cubic centimeters of water was added and the 
whole was again mixed thoroughly. The mixture 
was filtered and the filtrate on evaporation at 70° 
gave an amorphous base melting at 82°. It did not 
crystallize from any of the common solvents. The 
following derivatives were prepared: premnine 
picrate, m. p. 98-101° (with decomp.); premnine 
platinum chloride, decomposing at 254r-256°. 

On submitting the hydrochloride to semimicro 
combustion analysis, the following results were ob- 
tained: Carbon, 67.88; Hydrogen, 6,096; Nitro- 
gen, 5.551; Chlorine, 14.41; O.xygen (by differ- 
ence), 6.063. 

By dividing the proportionate numbers of all the 
elements by the number of nitrogen, the empirical 
formula comes to ChHkNO. The empirical weight 
calculated from this formula is 213. 

A weighed amount of the platinum chloride deriv- 


ative was ignited in a microcrucible and the residue 
weighed. Assuming the base to be mono-acidic the 
molecular weight calculated from the data obtained 
is 212 and compares very closely with that obtained 
by calculation from the empirical formula. 

Ganiarine. — To the neutral, aqueous solution “B” 
reserved previously was added an excess of strong 
solution of lead subacetate (B. P.) when a bulky 
precipitate of lead tannate was obtained. The pre- 
cipitate was filtered off and HzS gas was passed in 
the filtrate to precipitate the excess of lead as lead 
sulfide. After passing a current of air to remove the 
dissolved HjS gas the bright yellow filtrate was 
evaporated to 50 cc. under reduced pressure. The 
concentrated extract was made alkaline- with am- 
monia and again extracted with chloroform. It was 
observed that even 500 cc. of chloroform extracted 
very little alkaloid. The aqueous liquid was once 
again made neutral and evaporated to dryness in 
vacuo. The residue was extracted with absolute 
alcohol, which eliminated most of the salts formed 
during the previous processes. The alcoholic ex- 
tract was concentrated and an excess of ether was 
added to it, when resins and more salts separated. 
The process was repeated several times and the 
product finally obtained by evaporation of the 
ethereal extract, was yellowish brown in color. 
Further purification of the alkaloid could not be at- 
tempted. The platinum chloride derivative which 
could be prepared from the crude base decomposes 
at 239-241°. 

Hydrocarbons. — The' granular sediment “A,” 
reserved previously, on examination was found to he 
a mixture of unsaturated aromatic hydrocarbons of 
high molecular weight. 

Pharmacology of Premnine 

(a) On Blood Vessels. — The action of premnine 
on blood vessels was studied by determining the per- 
fusion rate in a frog. First of all the number of 
drops of frog-Ringer Solution, flowing per minute 
was counted. Then 0.5 cc. of 1:5000 solution of 
premnine hydrochloride was injected into the rubber 
tubing connecting the reservoir of the frog-Ringer 
Solution to the ventricle of the frog and the number 
of drops per minute after the injection was counted. 
Three such readings were taken in each case. The 
mean of the readings was 37 and 27, respectively. 
The results show that the drug raises the blood pres- 
sure by contracting the blood vessels, i.e., a sym- 
pathomimetic drug. 



Figure 2 


(b) On the Heart. — Heart of a pithed frog was 
exposed and frequently perfused with frog-Ringer 


Scientific Edition 


Solution. The ventricle of the heart was connected 
through a bent hook with the cardiograph lever 
attached with a small pointer touching the smoked 
paper fixed to the rotating drum. The curves indi- 
cating the normal contractions of the heart and also 
the contractions after perfusion with 1 :6000 solu- 
tion were recorded (Fig. 2). As is apparent from 
the recorded tracings the drug decreases the force 
of contraction of a frog’s heart. 

(c) On the Eye.— A drop of 1 : 10,000 solution of 
premaine on being put into one of the eyes of a frog 
showed dilation of the eye pupil. The same was ob- 
served in the case of a puppy. 

SUMMARY 

1. Two alkaloids — one, premnine in pure 
amorphous form (m. p. 82°, empirical for- 
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mula CitHisNO) and the other, “ganiarine” 
only in crude form (platinum chloride deriv- 
ative decomposes at 239-241°)— have been 
isolated from the stem bark of Premna in- 
legrifolia. 

2. The pharmacological actions of prem- 
nine have been studied on blood vessels, 
heart, and eye of a frog. 

3. Some unsaturated aromatic hj-dro- 
carbons of high molecular weight have also 
been detected in the drug. 
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The Estimation of Aloin in Pharmaceuticals 

By K. G. STONEt 


A polarographic method for determination of 
aloin in pharmaceuticals has been applied to 
seven commercial preparations. 

^HE USE of aloin in the form of aloes or 
aloin isolated from aloes for pharmaceu- 
tical purposes is very old. There has been 
an obvious need for an analytical method 
for the estimation of aloin both in raw ma- 
terials and in finished products. Previous 
ihethods have usually involved either ex- 
traction of the aloin or precipitation of 
calcium aloinate, both of which have been 
criticized on many points. Recently Stone 
and Furman (1) have utilized the polaro- 
graphic method for the analysis of aloes. 
It is the purpose of this paper to describe 
the analysis of pharmaceuticals for aloin 
by this method. 

the POLAROGRAPHIC METHOD 

The polarographic method may be briefly dc- 
senbed as an deetrolysis under very strictly con- 
trolled conditions so that the current flowing at any 
moment may be accurately measured. Organic 
groups such as carbonyl, nitro, azo, quinone, and 
•conjugated double bonds are reducible, and the 
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potentials required for the reduction of these groups 
are sufficiently different that the potential is char- 
acteristic for the particular group The dcctrolytic 
measurements are made by measuring the current 
that flows at increasing potentials with a dropping 
mercury electrode and a quiet pool of mercurj’ as the 
other dectrode with no stirring of the solution. The 
mercury drop is usually the cathode with reduction 
occurring. 

If the solution bdng electrolyzed contains an 
dectrolyte, preferably a buffer solution to diminatc 
/>H effects, no appreciable current flows until enough 
potential is applied to reduce something in the solu- 
tion. As the potential increases, more current will 
flow until all of the material approaching the mer- 
cury drop is reduced. Then the current will become 
constant, since more material will approach the drop 
at a constant rate due to diffusion. The difference 
in current before and after this rise which is usually 
called “wave height" is proportional to the concen- 
tration of material bdng reduced. 

A more detailed treatment may bo found in 
Kolthoff and Linganc (2). 

THE ESTIMATION OF ALOIN 

Stone and Furman (I) found that there were no 
interfering substances in aloes, so tliat a direct de- 
termination could be made. (Obriously, any other 
substance that was reduced at the same potential 
as aloin would contribute to the increase in current, 
and thus interfere.) Commerdal pharmaceuticals 
were analyzed by tlie same mctliod witli the results 
that follow. 
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APPARATUS, MATERIALS, AND METHOD 

A Leeds and Northrup Electrochemograph equip- 
ped with the eell arrangement described by Furman, 
Brieker, and Whitesell (3) was used for the polaro- 
graphie measurements at room temperature. The 
capillary had the following characteristics: m = 

0.8173 mg. per second, I = 7.G0 seconds at —1.34 
volt against the saturated calomel eleetrode (S. C. 
E.) in the buffer solution; the head of mercury was 
46.5 cm. Oxygen was removed by passing purified 
nitrogen through the solution for fifteen minutes 
before polarographing. All polarograms were taken 
at 1/50 sensitivity. 

The 0.25 M acetate buffer of pH 4 was prepared 
by neutralizing 0.25 mole of glacial acetic acid in 600 
ml. of water with concentrated sodium hydroxide 
solution to pH 4 measured against a glass electrode 
and diluting to 1000 ml. A polarogram of the buffer 
alone showed no appreciable amount of reducible 
material before hydrogen evolution. 

Merck U. S. P. aloin was used without further 
purification. For a standard solution, 1.000 Gm. 
of aloin was dissolved in 1000 ml. of 20 volume per 
cent ethanol. This solution was stable for about one 
week when protected from light and air. 

Procedure. — Weigh about 1.5-Gra. sample to the 
nearest milligram (for aloes, 0.2 Gm. to the nearest 
0.1 mg.). Warm in 20 ml. 95% ethanol and 25 ml. 
water for fifteen minutes just below the boiling 
point. Macerate with stirring rod if necessary. 
Cool to room temperature, filter on paper into a 100- 
ml. volumetric flask, wash the residue with three 
10-ml. portions of distilled water collecting the wash 
solution with the original filtrate, and dilute to the 
mark. Mix a 10-ml. aliquot with 10 ml. of the ace- 
tate buffer and dilute to 25 ml. Deaerate with ni- 
trogen, and take a polarogram from —1.0 volt ap- 
plied potential. Compare the wave-height with the 
calibration curve. 

Preparation of the calibration curve: Mix suit- 
able volumes of the standard aloin solution with 10 
ml. of the acetate buffer, add ethanol to give a total 
concentration of eight volume per cent ethanol in 
the final solution, and dilute to 25 ml. Proceed as 
with the sample. The calibration curve is usually a 
straight line for concentrations up to 15 mg. of 
aloin per 25 ml. of the solution polarographed. The 
most critical factor is the ethanol concentration, 
since the reducible species is quite dependent on the 
solvent composition. If the composition is not con- 
stant, the calibration curve will not be a straight 
line. It was also noticed that an old standard solu- 
tion of aloin also led to deviations from a straight 
line calibration. Various lots of aloin seemed to 
have very little effect on the current-concentration 
ratio. 

In order to check the working procedure, a series 
of recovery studies was made. A sample of pure 
barbaloin was prepared according to the procedure 
of Gardner and Joseph (4). This barbaloin was 


used as a reference standard for all recovery studies 
of which the following are typical: 

1. A sample of aloin equal to 10.0 mg. of the 
pure barbaloin was analyzed and 10.2 mg. of barba- 
loin were found. 

2. A mixture of 5.0 mg. of barbaloin and aloes 
equivalent to 4.2 mg. of barbaloin was found to con- 
tain 9.1 mg. of barbaloin. 

3. A pharmaceutical which was said (5) to co- 
tain 5 mg. of aloin per tablet was analyzed and 4.7 
mg. per tablet were found. 

RESULTS 

In Table I will be found the per cent of aloin 
found in each of seven preparations. These prod- 
ucts are from seven different manufacturers, and 
consist of various mixtures of aloes or aloin, soap, 
assorted gums, podophyllin, extracts of belladonna, 
stramonium, etc., ipecac, phenolphthalein, and 
flavors. It is not possible to tell the amount of aloes 
present in the preparations containing aloes unless 
the relation between aloin and aloes is known since 
the amount of aloin in aloes varies from lot to lot 
depending on the source. Hence, in order to com- 
pare the preparations, all of which were recom- 
mended for treatment of colds, the assay was com- 
bined with the recommended dose on the label to 
give the recommended dose in terms of aloin. It is 
interesting to note that the dose as aloin varies 25% 
from the average. 

Table I. — Determination of Aloin in Pharma- 
ceuticals 


Preparation 

% Aloin 

Dose, Gm. Aloin 

A 

6.1 

0.0138 

B 

7.5 

0.0224 

C 

7.9 

0.0225 

D 

9.5 

0.0355 

E 

13.8 

0.0335 

F 

18.1 

0.0172 

G 

24.6 

0.0207 


Av. 0.0237 


Very few materials are known that are reduced 
in this potential range that also occur in the pharma- 
ceutical raw materials used. Hence an interference 
in this determination is possible, but not probable. 
The usual polarographic analysis has an inherent 
error of about three relative per cent so that error 
may be anticipated in this determination. 
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Pharmacognostical Studies of Brahmi 

Stem and Leaf Characteristics of Herpestis monniera H. B. and K. 
and Hydrocotyle asiatjca Linn.’ 

By S. PRASADt 


This report includes new information on the 
pharmacognosy of the drug known in India 
as Brahmi. The results reported will serve to 
distinguish between the tw'O plant species 
involved in connection with Brahmi. 

A VERY important drug in the Atnirvedic 
Materia Medica of India, Brahmi has 
been used by the Hindu ph 3 'sician as a ner- 
vine tonic 'from very’ ancient times. It has 
been considered useful also in epilepsy’ and 
insanity and has been presented to the West- 
ern phy’sician, practicing in India, in the 
form of syrup, liquid e.xtract, ghee, and hair 
oil by’ many’ pharmaceutical manufacturing 
houses of that country’. 

The correct identity’ of this reputed drug 
has, however, not y’et been ascertained. 
While one group of Ayun’edic physicians 
regards Herpestis monniera H. B. and K. 
fFam. Scrophulariaceae) to be Brahmi, 
there are others who consider Hydrocotyle 
nsialica Linn. (Fam Umbelliferael as the 
real drug. Recently .Sircar (1) tried to es- 
tablish, on the basis of botanical characters 
embodied in the Ay’un’ed that Hydrocotyle 
asiatica and not Herpestis monniera is the 
real Brahmi. In the drug market both 
these species are sold indiscriminately’ as 
Brahmi. 

A fair amount of chemical and pharmaco- 
logical work has already been done on these 
two plant species (2-4). No pharmacognos- 
tical study’ on any’ of these plant species has 
yet been brought on record. The present 
investigation was, therefore, taken up with a 
view to bring out all those diagnostic fea- 
tures which may’ help one to distinguish one 
species from tlie other. The anatomy’ of the 
leaf and of the stem, along with their macro- 
scopical characteristics, has been studied in 
detail in botlr the species. The investiga- 
tion has been extended to the determination 
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of their stomatal indices and palisade ratios 
as well, to ascertain if these values could be 
utilized for distinguisliiifg the two species. 

MATERIALS AND METHODS 

Fresh specimens of Herpestis inonttiera and Hydro- 
cotyte asiatica were collected from the Ayurvedic 
garden of the Benares Hindu University. Free 
hand sections from the different portions of stem, 
leaf, and petiole were stained in safranin and 
gentian violet and mounted in Canada b.alsam in 
the usual way. Surface peelings were examined in 
chloral hydrate solution. The palisade ratio and 
stomatal index were determined by the following 
procedure : 

Pieces of leaf tissue, 1-3 mm. square, were cut 
from the base, apex, and the middle portions of the 
leaf and placed in test tubes containing concen- 
trated chloral hydrate solution (50 Gm. cliloral hy- 
drate dissolved in 20 cc. water). These were then 
placed in a water bath for about twenty minutes or 
more until they became more or less transparent. 
The palisade ratio was then determined according 
to the method employed by Wallis and Dewar (5). 

For detennining stomatal inde.\, simikir procedure 
was adopted so far as the clearing of leaves was 
concerned. The stomatal indices were found a.s 
proposed by Salisbury (G). that is, I = S/{.E. -b 5) 
X 100, wliere S is the number of stomata per unit 
area, and E the number of epidcnnal cells in the 
same unit area. During the process of determination 
of stomatal values, two guard cells were considered as 
one unit, each hair one unit, and each epidermal 
cell one unit. To determine if the stomatal index 
and palisade ratio varied significantly from loc.ality 
to locality, the data pertaining to these were sta- 
tistically analyzed to test the significance of the 
result. 

INVESTIGATION 
External Morpbologj- 

Herpestis monnicTa. — It is a creeping, somewhat 
succulent herb, found in moist places near streams 
or on the banks of ponds and ditches. It grows 
throughout the plains of India, ascending to -lOCK)- 
ft. altitude on the Himalayas and in all warm coun- 
tries. 

Several stems, -1-12 inches long, arise from the 
main stem. The plant roots at the nodes. The 
branches arc ascending. The leaves arc sessile, 
decussate, V«-l 'uch long. 0.20-0 3.5 inch broad. 
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APPARATUS, MATERIALS, AND METHOD 

A Leeds and Northrup Electrochemograph equip- 
ped with the cell arrangement described by Furman, 
Bricker, and WTiitesell (3) was used for the polaro- 
graphic measurements at room temperature. The 
capillary had the following characteristics: m — 

0.8173 mg. per second, / = 7.00 seconds at —1.34 
volt against the saturated calomel electrode (S. C. 
E.) in the buffer solution; the head of mercury was 
46.5 cm. O.xygen was removed by passing purified 
nitrogen through the solution for fifteen minutes 
before polarographing. All polarograms were taken 
at 1/50 sensitivity. 

The 0.25 M acetate buffer of pH 4 was prepared 
by neutralizing 0.25 mole of glacial acetic acid in COO 
ml. of water with concentrated sodium hydroxide 
solution to pH 4 measured against a glass electrode 
and diluting to 1000 ml. A polarogram of the buffer 
alone showed no appreciable amount of reducible 
material before hydrogen evolution. 

Merck U. S. P. aloin was used without further 
purification. For a standard solution, 1.000 Gm. 
of aloin was dissolved in 1000 ml. of 20 volume per 
cent ethanol. This solution was stable for about one 
week when protected from light and air. 

Procedure. — Weigh about 1.5-Gm. sample to the 
nearest milligram (for aloes, 0.2 Gm. to the nearest 
0.1 mg.). Warm in 20 ml. 95% ethanol and 25 ml. 
water for fifteen minutes just below the boiling 
point. Macerate with stirring rod if necessary. 
Cool to room temperature, filter on paper into a 100- 
ml. volumetric flask, wash the residue with three 
10-ml. portions of distilled water collecting the wash 
solution with the original filtrate, and dilute to the 
mark. Alix a 10-ml. aliquot with 10 ml. of the ace- 
tate buffer and dilute to 25 ml. Deaerate with ni- 
trogen, and take a polarogram from —1.0 volt ap- 
plied potential. Compare the wave-height with the 
calibration curve. 

Preparation of the calibration curve: Mi.x suit- 
able volumes of tlie standard aloin solution with 10 
ml. of the acetate buffer, add ethanol to give a total 
concentration of eight volume per cent ethanol in 
the final solution, and dilute to 25 ml. Proceed as 
with the sample. The cahbration curve is usually a 
straight line for concentrations up to 15 mg. of 
aloin per 25 ml. of the_ solution polarographed. The 
most critical factor is the ethanol concentration, 
since the reducible species is quite dependent on the 
solvent composition. If the composition is not con- 
stant, the calibration curve will not be a straight 
line. It was also noticed that an old standard solu- 
tion of aloin also led to deviations from a straight 
line calibration. Various lots of aloin seemed to 
have verj' little effect on the current-concentration 
ratio. 

In order to check the working procedure, a series 
of recovery studies was made. A sample of pure 
barbaloin was prepared according to the procedure 
of Gardner and Joseph (4). This barbaloin rvas 


used as a reference standard for all recovery studies 
of which the following are typical : 

1. A sample of aloin equal to 10.0 mg. of the 
pure barbaloin was analyzed and 10.2 mg. of barba- 
loin were found. 

2. A mixture of 5.0 mg. of barbaloin and aloes 
equivalent to 4.2 mg. of barbaloin was found to con- 
tain 9.1 mg. of barbaloin. 

3. A pharmaceutical which was said (5) to co- 
tain 5 mg. of aloin per tablet was analyzed and 4.7 
mg. per tablet were found. 

RESULTS 

In Table I will be found the per cent of aloin 
found in each of seven preparations. These prod- 
ucts are from seven different manufacturers, and 
consist of various mixtures of aloes or aloin, soap, 
assorted gums, podophyllin, extracts of belladonna, 
stramonium, etc., ipecac, phenolphthalein, and 
flavors. It is not possible to tell the amount of aloes 
present in the preparations containing aloes unless 
the relation between aloin and aloes is knorvn since 
the amount of aloin in aloes varies from lot to lot 
depending on the source. Hence, in order to com- 
pare the preparations, all of which were recom- 
mended for treatment of colds, the assay was com- 
bined with the recommended dose on the label to 
give the recommended dose in terms of aloin. It is 
interesting to note that the dose as aloin varies 25% 
from the average. 


Table I. — Determination of Aloin in Pharma- 
ceuticals 


Preparation 

% Aloin 

Dose, Gm. Aloin 

A 

6.1 

0.0138 

B 

7.5 

0.0224' 

C 

7.9 

0.0225 

D 

9.5 

0.0355 • 

E 

13.8 

0.0335 

F 

18.1 

0.0172 

G 

24.6 

0.0207 

Av. 0.0237 


Very few materials are known that are reduced 
in this potential range that also occur in the pharma- 
ceutical raw materials used. Hence an interference 
in this determination is possible, but not probable. 
The usual polarographic analysis has an inherent 
error of about three relative per cent so that error 
may be anticipated in this determination. 
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Pharmacognostical Studies of Brahmi 

Stem and Leaf Characteristics of Herpestis mouniera H. B. and K. 
and Hydrocotyle asiatica Linn/ 

By S. PRASADt 


This report includes new information on the 
pharmacognosy of the drug known in India 
as Brahmi. The results reported will serve to 
distinguish between the two plant species 
involved in connection with Brahmi. 

A VERY important drug in the Aynirv'-edic 
Materia Medica of India. Brahmi has 
been used by the Hindu physician as a ner- 
vine tonic 'from very' ancient times. It has 
been considered useful also in epilepsy and 
insanity and has been presented to the West- 
ern phy'sician, practicing in India, in the 
form of syrup, liquid extract, ghee, and hair 
oil by many pharmaceutical manufacturing 
houses of that country'. 

The correct identity of this reputed drug 
has, however, not yet been ascertained. 
While one group of Ayurvedic physicians 
regards Herpestis monniera H. B. and K. 
(Fam. Scrophulariaceae) to be Brahmi, 
there are others who consider Hydrocotyle 
asiatica Linn. (Fam. Umbelliferae') as the 
real drug. Recently Sircar (1) tried to es- 
tablish, on the basis of botanical characters 
embodied in the Ayun'ed that Hydrocotyle 
asiatica and not Herpestis monniera is the 
real Brahmi. In the drug market both 
these species are sold indiscriminately' as 
Brahmi. 

A fair amount of chemical and pharmaco- 
logical work has already been done on these 
two plant species (2-4). No pharmacognos- 
tical study' on any' of these plant species has 
yet been brought on record. The present 
investigation was, therefore, taken up with a 
view to bring out all those diagnostic fea- 
tures which may' help one to distinguish one 
species from tlie otlier. The anatomy' of the 
leaf and of the stem, along w'ith their macro- 
scopical characteristics, has been studied in 
detail in both tlie species. The investiga- 
tion has been extended to the determination 
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of their stomatal indices and palisade ratios 
as well, to ascertain if these values could be 
utilized for distinguishirfg the two species. 

MATERIALS AND METHODS 

Fresh specimens of Herpestis vwunicra and Hydro- 
cotyle asiatica were collected from the Ayurvedic 
garden of the Benares Hindu University. Free 
hand sections from the different portions of stem, 
leaf, and petiole were stained in safranin and 
gentian violet and mounted in Canada balsam in 
the usual way. Surface peelings were examined in 
chloral hydrate solution. The palisade ratio and 
stomatal index were determined by the following 
procedure : 

Pieces of leaf tissue, 1-3 mm. square, were cut 
from the base, apex, and the middle portions of the 
leaf and placed in test tubes containing concen- 
trated chloral hydrate solution (,50 Gm. chloral hy- 
drate dissolved in 20 cc. water). These were then 
placed in a water bath for about twenty minutes or 
more until they became more or less transparent. 
The palisade ratio was then determined according 
to the method employed by W’allis and Dewar (5). 

For detennining stomatal inde.x, similar procedure 
was adopted so far as the clearing of leaves was 
concerned. The stomatal indices were found as 
proposed by Salisbury' (G), that is, I = S/(,E + S) 
X 100, where 5 is the number of stomata per unit 
area, and E the number of epidermal cells in the 
same unit area. During the process of determination 
of stomatal values, two guard cells were considered as 
one unit, each hair one unit, and each epidermal 
cell one unit. To determine if the stomatal index 
and palisade ratio varied significantly from locality 
to locality, the data pertaining to these were sta- 
tisticalh' analyzed to test the significance of the 
result. 

INVESTIGATION 
External Morphology 

Herpestis ■iitoiinicra . — It is a creeping, somewhat 
succulent herb, found in moist places near streams 
or on the banks of ponds and ditches. It grows 
throughout the plains of India, ascending to -1000- 
ft. altitude on the Himalayas and in all wann coun- 
tries. 

Several stems, 4-12 inches long, arise from the 
main stem. The pl.ant roots at the nodes. The 
branches arc ascending. The leaves arc sessile, 
decussate, Vr-l inch long, 0 2fM1 .".a inch broad. 
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APPARATUS, ALATERIALS, AND METHOD 

A Leeds and Northrup Electrochemograph equip- 
ped with the cell arrangement described by Furman, 
Bricker, and \\'Tiitesell (3) was used for the polaro- 
graphic measurements at room temperature. The 
capillary had the following characteristics: m — 

0.8173 mg. per second, I = 7.00 seconds at —1.3-1 
volt against the saturated calomel electrode (S. C. 
E.) in the buffer solution; the head of mercury was 
40.5 cm. O.vygen was removed by passing purified 
nitrogen through the solution for fifteen minutes 
before polarographing. All polarograms were taken 
at 1/50 sensitivity. 

The 0.25 M acetate buffer of pH. 4 was prepared 
by neutralizing 0.25 mole of glacial acetic acid in 600 
ml. of water with concentrated sodium hydroxide 
solution to pH 4 measured against a glass electrode 
and diluting to 1000 ml. A polarogram of the buffer 
alone showed no appreciable amount of reducible 
material before hydrogen evolution. 

Merck U. S. P. aloin was used without further 
purification. For a standard solution, 1.000 Gm. 
of aloin was dissolved in 1000 ml. of 20 volume per 
cent ethanol. This solution was stable for about one 
week when protected from light and air. 

Procedure. — Weigh about 1.5-Gm. sample to the 
nearest milligram (for aloes, 0.2 Gm. to the nearest 
0.1 mg.). Warm in 20 ml. 95% ethanol and 25 ml. 
water for fifteen minutes just below the boiling 
point. Macerate with stirring rod if necessary. 
Cool to room temperature, filter on paper into a 100- 
ml. volumetric flask, wash the residue with three 
10-ml. portions of distilled water collecting the wash 
solution with the original filtrate, and dilute to the 
mark. Mix a 10-ral. aliquot with 10 ml. of the ace- 
tate buffer and dilute to 25 ml. Deaerate with ni- 
trogen, and take a polarogram from —1.0 volt ap- 
plied potential. Compare the wave-height with the 
calibration curve. 

Preparation of the calibration curve; Mix suit- 
able volumes of the standard aloin solution with 10 
ml. of the acetate buffer, add ethanol to give a total 
concentration of eight volume per cent ethanol in 
the final solution, and dilute to 25 ml. Proceed as 
with the sample. The calibration curve is usually a 
straight line for concentrations up to 15 mg. of 
aloin per 25 ml. of the solution polarographed. The 
most critical factor is the ethanol concentration, 
since the reducible species is quite dependent on the 
solvent composition. If the composition is not con- 
stant, the calibration curve will not be a straight 
line. It was also noticed that an old standard solu- 
tion of aloin also led to deviations from a straight 
line calibration. Various lots of aloin seemed to 
have verj’ little effect on the current-concentration 
ratio. 

' In order to check the working procedure, a scries 
of recovery studies was made. A sample of pure 
barbaloin was prepared according to the procedure 
of Gardner and Joseph (4). This barbaloin was 


used as a reference standard for all recovery studies 
of which the following are typical: 

1. A sample of aloin equal to 10.0 mg. of the 
pure barbaloin was analyzed and 10.2 mg. of barba- 
loin were found. 

2. A mixture of 5.0 mg. of barbaloin and aloes 
equivalent to 4.2 mg. of barbaloin was found to con- 
tain 9.1 mg. of barbaloin. 

3. A pharmaceutical which was said (5) to co- 
tain 5 mg. of aloin per tablet was analyzed and 4.7 
mg. per tablet were found. 

RESULTS 

In Table I will be found the per cent of aloin 
found in each of seven preparations. These prod- 
ucts are from seven different manufacturers, and 
consist of various mixtures of aloes or aloin, soap, 
assorted gums, podophyllin, extracts of belladonna, 
stramonium, etc., ipecac, phenolphthalein, and 
flavors. It is not possible to tell the amount of aloes 
present in the preparations containing aloes unless 
the relation between aloin and aloes is known since 
the amount of aloin in aloes varies from lot to lot 
depending on the source. Hence, in order to com- 
pare the preparations, all of which were recom- 
mended for treatment of colds, the assay was com- 
bined with the recommended dose on the label to 
give the recommended dose in terms of aloin. It is 
interesting to note that the dose as aloin varies 25% 
from the average. 

Table I. — Determination of Aloin in Pharma- 
ceuticals 


Preparation 

% Aloin 

Dose, Gm. Aloin 

A 

6.1 

0.0138 

B 

7.5 

0.0224 

C 

7.9 

0.0225 

D 

9.5 

0.0355 

E 

13.8 

0.0335 

F 

18.1 

0.0172 

G 

24.6 

0.0207 


Av. 0.0237 


Very few materials are known that are reduced 
in this potential range that also occur in the pharma- 
ceutical raw materials used. Hence an interference 
in this determination is possible, but not probable. 
The usual polarographic analysis has an inherent 
error of about three relative per cent so that error 
may be anticipated in this determination. 
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Pharmacognostical Studies of Brahmi 

Stem and Leaf Characteristics of Herpestis monuiera H. B. and K. 
and Hydrocotyle asiatica Linn.* 

By S. PRASAD t 


This report includes new information on the 
pharmacognosy of the drug known in India 
as Brahmi. The results reported will serve to 
distinguish between the two plant species 
involved in connection with Brahmi. 

A VERY important drug in the Ajnirvedic 
Materia Medica of India. Brahmi has 
been used by the Hindu physician as a ner- 
vine tonic 'from very' ancient times. It has 
been considered useful also in epilepsy and 
insanity and has been presented to the West- 
ern physician, practicing in India, in the 
form of syrup, liquid extract, ghee, and hair 
oil by many pharmaceutical manufacturing 
houses of that country. 

The correct identity of this reputed drug 
has, however, not y^et been ascertained. 
While one group of Ayurvedic physicians 
regards Herpestis monniera H. B. and K. 
CFam. Scrophulariaceae) to be Brahmi, 
there are others who consider Hydrocotyle 
asiatica Linn. (Fam irmbelliferael as the 
real drug. Recently Sircar (1) tried to es- 
tablish, on the basis of botanical characters 
embodied in the Ayurv^ed that Hydrocotyle 
asiatica and not Herpestis monniera is the 
real Brahmi. In the drug market both 
these species are sold indiscriminately as 
Brahmi. 

A fair amount of chemical and pharmaco- 
logical work has already been done on these 
two plant species (2-4). No pharmacognos- 
tical studyf on any' of these plant species has 
yet been brought on record. The present 
investigation was, therefore, taken up with a 
view to bring out all those diagnostic fea- 
tures which may' help one to distinguish one 
species from the otlier. The anatomy' of the 
leaf and of the stem, along with their macro- 
scopical characteristics, has been studied in 
detail in botli tlie species. The investiga- 
tion has been extended to the determination 
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of their stomatal indices and palisade ratios 
as well, to ascertain if these values could be 
utilized for distinguishirfg the two species. 

MATERIALS AND METHODS 

Fresh specimens of Herpestis monniera and Hydro- 
cotyle asiatica were collected from the Ayurvedic 
garden of the Benares Hindu University. Free 
hand sections from the different portions of stem, 
leaf, and petiole were stained in safranin and 
gentian violet and mounted in Canada balsam in 
the usual way. Surface peelings were examined in 
chloral hydrate solution. The palisade ratio and 
stomatal index were determined by the following 
procedure : 

Pieces of leaf tissue, 1-3 mm. square, were cut 
from the base, apex, and the middle portions of the 
leaf and placed in test tubes containing concen- 
trated chloral hydrate solution (50 Gra. chloral hy- 
drate dissolved in 20 cc. water). These were then 
placed in a water bath for about twenty’ minutes or 
more until they' became more or less transparent. 
The palisade ratio was then determined according 
to the method employed by Wallis and Dewar (5). 

For determining stomatal index, similar procedure 
was adopted so far as the clearing of leaves was 
concerned. The stomatal indices were found as 
proposed by Salisbury (6), that is, I = S/(E S) 
X 100, where 5 is the number of stomata per unit 
area, and E the number of epidermal cells in the 
same unit area. During the process of determination 
of stomatal values, two guard cells were considered as 
one unit, each hair one unit, and each epidermal 
cell one unit. To determine if the stomatal index 
and palisade ratio varied significantly from locality 
to locality', the data pertaining to these were sta- 
tistically' analyzed to test the significance of the 
result. 

INVESTIGATION 
External Morphology 

Herpestis -monniera . — It is a creeping, somewhat 
succulent herb, found in moist places near streams 
or on the banks of ponds and ditches. It grows 
throughout the plains of India, ascending to 4000- 
ft. altitude on the Himalay'as and in all warm coun- 
tries. 

Several stems, 4-12 inches long, arise from the 
main stem. The plant roots at the nodes. The 
branches arc ascending. The leaves are sessile, 
decussate. Vr-I inch long, 0,20-0.35 inch broad. 
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HerpesHs tnonniera H. B. K. 

Fig. 1. — The whole plant with flowers. X ’A- 

Fig. 2. — Plan of the transverse section of the 
stem. X 20. 

Fig. 3. — Details of transverse section. X 65. 

Ep., epidermis; End., endodermis; Per., peri- 
cycle; Phi., phloem; Camb., cambium; Xy., 
xylem. 


obovate-oblong or spatulate, entire, nerves ob- 
scure and lower surface dotted (Fig. 1). Flowers 
• are axillary and solitary, borne on slender pedicels 

(-I'/i inches long. Bracteoles are linear, shorter 

an the pedicels. Calyx is divided to the base, 
glabrous, upper segments ovate acute, longer and 
broader than the other. Corola is ‘A inch long, blue 
or white with purple veins; lobes are nearly equal and 
rounded, glistening with shining dots when fresh. 
Capsules are Vs inch long, ovoid, acute, and glabrous. 

Hydrocotyle asiatica . — It is an annual herb, creep- 
ing along the ground and rooting at the nodes (Fig. 
11). It grows throughout India, Ceylon, and Ma- 
laya and in all the tropical and subtropical regions 
of the world. 

Leaves, in the Indian species, are cordate or 
hastate, orbicular or reniform, crenate and often 
palmately lobed. They are Vj-2 'A inches each way, 
glabrous or nearly so and shining, with stipules 
adnate to the petioles. Peduncles are much shorter 
than the leaves, often 2-3-nate, pubescent. Bracts 
are small, ovate, embracing the flowers and not 
scattered among the pedicels (Fig. 11 (A)). Flowers 
are sessile and grouped 3-6 in each head. Petals are 
minute, ovate, acute, and slightly imbricate; car- 
pels oblong, subcylindrical, curved, much longer than 
broad, slightly compressed, reticulate-rugose, each 
with 9 curvilinear, subsimilar ridges and 2 within 


the commissure. The fruit is ^/s-'A iuch in diameter 
(Fig. 11 (B)). Pericarp is thickened, woody, and 
white (Fig. 11 (C)). 


Microscopical Features 
Herfestis tnonniera 

Stem. — The transverse section of the stem indi- 
cates that it consists of a single layer of epidermis, 
followed by a wide parenchymatous cortex and a 
ring of stele which encloses in the center a small 
amount of pith (Fig. 2). The epidermis is covered 
externally by a thin layer of cuticle. The epidermal 
cells are small and cubical and measure 26-30-38 
microns X 24-34r-40 microns.* 

Beneath the epidermis is a wide zone of cortex 
which is composed -of thin-walled, isodiametric and 
almost round cells with very large intercellular 
spaces that serve as air chambers (Fig. 3). The 
cortex is thus lacunar. The cortical cells measure 
30-51-85 microns in diameter. The bigger cells 
occupy the middle region of the cortex and are in 
some cases tangentially elongated. The innermost 
layer of the cortex is represented by a distinct endo- 
dermis. The endodermal cells show Casparian 
strips in cross section and measure 28-35-45 microns 
X 18-30-35 microns. 

Following the endodermis is a thin strip of peri- 
cycle, consisting of 1-2 layers of cells (Fig. 3). The 
pericycle surrounds the stele all around and the 
pericyclic cells are very small, measuring 12-15-20 
microns in length and 9-12-17 microns in breadth. 

The vascular ring is continuous, being composed of 
a narrow zone of phloem toward the peripheral side, 
a wide ring of xylem toward the center, and a layer 
of cambium separating the two. The phloem con- 
sists of sieve tube tissue associated with companion 
cells and phloem parenchyma. The xylem is com- 
posed of .xylem vessels with intervening xylem paren- 
chyma. The vessels are polygonal and isodiametric 
and arranged in radial rows. They are 14-22-30 
microns in diameter in transverse section. The 
xylem parenchyma consists of thin-walled cells, 
measuring 8-13-17 microns in length and 7-11-14 
microns in breadth. 

In the center is a small pith, the cells of which 
arc thin walled, rounded, more or less isodiametric 
with distinct intercellular spaces. They are 28-38- 
55 microns in diameter. 

Leaf. — The structure of the leaf of HerpesHs 
tnonniera resembles more an isobilateral tsrpe of 
leaf than a dorsiventral one, in that it shows a lack 
of differentiation of the mesophyll in the palisade 
and spongy layers (Figs. 8-10). The surface of the 
leaf is covered externally with cuticle which occurs 
in the form of striations. These striations are more 
strongly developed on the lower surface than on the 
upper one. In surface view, the arrangement o 
the cuticular striations is such that they appear to 


' The measurements of cells and other structures are g 
dinarily in three separate figures, of which the first a 
ird represent the minimum and the maximum valu • 
ectively, while the middle indicates the common vai 




Fig. 4. — Tratisverse section of the leaf. X 45. 

Fig. 5. — Upper epidermis in surface view. X 180. 

Fig. 6. — Lower epidermis in surface view. X 180. 

Fig. 7. — Glandular hair in surface view. X 450. 

Fig. 8, — Details of transverse section of the leaf. X 225. 

Fig. 9. — Transverse section of the margin of the leaf. X 225. , 

Fig. 10. — Transverse section passing through the midrib. X 225. 

U.Ep.; upper epidermis; Meso, raesophyll; B.S., bundle sheath; V.B., vascular bundle; Gl.H., glandu- 
lar hair; Glj, glandular hair in surface view, showing quadruccUuIar head; Gh, the same with a liead of S 
cells in surface view. 
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Hydrocolyle asiatica Linn. 


Fig. 11.— A part of the plant. X V«- H , inflorescence. X 2'/i. B, fruit. X 3. C, fruit cut across. 
X 3. 

Fig. 12. — Transverse section of the stem. X 40. 

Fig. 13. — Details of transverse section. X 225. 

Ep.. epidermis; Collen., collcnchyma; Cort., cortex; Scleren., sclerenchyma ; Phi., phloem; R.C., 
resin canal; Xy., xj-lem; Med. Ray, medullary ray; H. Bast, hard bast; Camb., cambium. 






Scientific Edition 


be diverging away from stomata in all directions 
(Figs. S and 6). In transverse section, the striations 
are to be seen as small ridges which are more pro- 
nounced toward the margins of the leaves (Fig. 9). 

Stomata are found on both the surfaces of the 
leaf. There are no subsidiary cells surrounding the 
stomata. According to Vesque (7) their develop- 
ment follows the cruciferous type, but this is fre- 
quently obscured in the mature leaf ; that is to say, 
the stomata are surrounded by three or more epider- 
mal cells. In surface view the stomata of the upper 
surface (Fig. 5) measure 25-28-30 microns in length 
and 18-20-23 microns in breadth with the aperture 
being 4^6 microns wide. The stomata on the lower 
surface (Fig. 6) are more or less of similar dimensions 
as noted'in the case of the upper ones. 

Epidermal cells, in surface view, are much more 
wavy walled on the lower surface than on the upper 
one (Figs. 6 and 6). They measure 34-51-64 mi- 
crons X 20-30-38 microns on the upper surface 
and 38-50-68 X 22-28-34 microns on the lower 
side. 

Glandular hairs are present on both the surfaces. 
They occur in slight depressions of the lamina (Figs. 
8 and 10). Some of them are smaller than others. 
The smaller ones are round or oval and quadricellu- 
lar, borne upon a slightly conical stalk, while the 
larger ones possess the glandular head of eight cells. 
The epidermal cell joining the stalk bulges out and 
helps iri the elongation of the stalk. In surface view 
the hairs are seen as circles divided into four or eight 
cells (Figs. 6 and 7). The glandular heads have a 
diameter of 28-35—44 microns. The distribution of 
these hairs, stomata, and epidermal cells per sq. mm. 
leaf surface (Table I) indicates that the upper sur- 
face of the leaf has comparatively more hairs andless 
stomata than the lower one. 


Tabvb I. — Number of Stomata, Hairs, and Epi- 
dermal Cells per Sq. Mm. Leaf Surface in 
Herpestis monniera 


•’Surface 

Stomata 

Hairs 

Epidermal 

Cells 

Upper 

65-95-128 

20-32 

473-615-717 

■ Lower 

90-115-141 

13-26 

485-620-757 


In transverse section the epidermal cells are some- 
what vertically elongated, measuring 14-24-35 
microns X 30-35-42 microns in case of the upper 
surface and 15-30-35 microns X 20-25-30 microns 
on the lower surface. The palisade tissue is weakly 
developed, the mesophyll cells being 35-45-60 mi- 
crons in length and 22-30-40 microns in breadth. 
The spongy mesophyll, in the center, is rather more 
compactly arranged and the cells are bigger and 
more or less isodiametric with a diameter of 30-56-80 
microns. Toward the dorsal side, the spongy layer 
issoraewhat loosely arranged and the cellsaresmaller 
in dimensions. This meager difference between 
the palisade and spongy cells is still less marked in 
the margin region (Fig. 9). A few prismatic crystals 
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of calcium oxalate are occasionally found distrib- 
uted in the mesophyll cells. 

The mesophyll is traversed by a number of 
small veins which are surrounded by bundle sheaths 
(Figs. 8-10). A distinct midrib, is, however, not 
to be found and the transverse section in this region 
(Fig, 10) indicates the arrangement of different 
layers of cells to be the same as mentioned above. 
There is no collenchyma below the epidermis. The 
vascular bundle of the midrib as also of those of 
other veins of the lamina is poorly developed, being 
represented by a few annual and spiral vessels in 
the xylem on the ventral side and a few phloem cells 
on the dorsal side. A distinct bundle sheath sur- 
rounds the vascular bundle of the midrib as well. 

Hydrocotyle astatica 

Stem. — The transverse section of the stem (Figs. 
12 and 13) shows on the outside a single-layered 
epidermis covered externally by cuticle. The epi- 
dermal cells are small, cubical, and convexly arched 
outward, measuring 14-18-22 microns X 10-14-17 
microns. Following the epidermis is a collenchyma 
of 2-3 layers of cells which are more or less isodia- 
metric, measuring 14r- 17-22 microns in diameter. 
The remaining part of the cortex is occupied by 6-7 
layers of parenchymatous cells which are much 
larger than the collenchymatous cells and measure 
25-38-50 microns in diameter. A distinct endo- 
dermis is, however, not easily made out. The cortex 
encloses a ring of seven vascular bundles. These 
have toward the periphery strongly developed, 
semilunar patches of sclerenchyma which are 
stained red by phloroglucin and hydrochloric acid. 
The vascular bundle is of the common, collateral, 
and open type. The phloem consists of sieve tubes 
with companion cells and pldoem parenchyma and 
the xylem consists of wood vessels, tracheides, and 
xylem parenchyma.' The protoxylem elements are 
arranged toward the inner side, the metaxylcm to- 
ward the periphery. The vessels are 17-30-35 
microns in diameter. 

In the center is the pith, which has more or less 
rounded isodiametric cells with distinct intercellular 
spaces, measuring 34-50-70 microns in diameter. 
The pith joins the cortex by medullary rays which 
are characterized by the posse.ssion of resin canals, 
usually one in between two vascular bundles. Resin 
canals are found also in the cortical region. These 
are surrounded by a layer of 6-7 small, thin-walled 
epithelial cells and the central duct is 25-35 microns 
in diameter. 

Petiole. — The petiole in transverse section (Figs. 
14 and 15) has a characteristic outline, due to the 
sides projecting out from the ventral groove. The 
epidermis is covered externally by a cuticle and has 
its inner walls adjoining the cortex, greatly thick- 
ened. The cells are somewhat cubical and measure 
15-17-20 microns X 10-15-18 microns. Beneath 
the epidermis is a collenchymatous ring of 2-3 
layers of cells. The collenchyma is, however, ab- 
sent on the sides of the projecting arms of the petiole 




Fig. 14 . — Transverse section of the petiole, X 40. 

Fig. 15. — Details of the same. X 225. 

Fig. 10. — ^Transverse section of the leaf. X 40. 

I'ig. 17 . — -Upper surface showing the distribution of stomata. X 225. 

Fig. 18. — ^Ix>wer surface showing the distribution of stomata. X 225. 

Fig. 19. — Transverse section passing through midrib. X 225. 

Fig. 20. — Details of the transverse section of the leaf. X 225. 

Ep., epidermis ; Collen., coUenchyma; Paren., parenchyma; R.C., resin canal ; U.Ep., upper epidermis; 
Pal., palisade layer; Spongy, spongy- layer; D.Ep., lower epidermis. 
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(Fig. 14). These cells have great angular thicken- 
ings (Fig. 15) and are polygonal, measuring 17-25-34 
microns X 17-22-30 microns. Following the 
collenchyma is a broad zone of parenchyma, the 
cells of which are more or less round, showing prom- 
inent intercellular spaces and measnre 25-50-68 
microns in diameter. Within this zone are to be 
found seven vascular bundles, two of which are 
present in the projecting arms of the petiole, while 
the remaining five form a dorsal arc. Usnally there 
is a resin canal situated on the dorsal side of these 
vascular bundles. Some of the parenchymatous 
cells contain rosette crystals of calcium oxalate, 
measuring 8-15 microns in diameter. 

Leaf. — ^The leaf has a structure of the t 5 TJical 
dorsiventral leaf, with its mesophyll differentiated 
into an upper palisade and a lower spongy tissue 
(Figs. 16 and 20) . The snrface of the leaf is covered 
with a thin, striated cuticle which is more strongly 
developed on the midrib. Stomata occur on both 
the surfaces (Figs. 17 and 18). They are usually 
surrounded by three subsidiary cells, but occasion- 
ally four or five cells also accompany them. Of the 
three subsidiary cells, two are often placed opposite 
the stomatal aperture, more or less parallel, while 
the third is at right angles to the pore. The stomata 
are 28-31-34 microns long and 24r-26-28 microns 
broad with the stomatal aperture being 6-10 microns 
wide. Hair is absent in this leaf. The distribution 
of stomata and the number of epidermal cells per 
sq. mm. leaf surface ‘(Table Ip indicate that the 
lower surface has greater numbers of these than the 
upper one. 


Table II. — Number of Stomata and Epidermal 
Cells per Sq. Mm. Leaf Surface of Hydrocotyle 
asiatica 


Surface 

Stomata 

Epidermal Cells 

Upper 

104-140-218 

744-805-845 

Lower 

180-220-243 

825-956-1027 


In surface view the epidermal cells are all poly- 
gonal with straight walls. They are bigger on the 
upper surface than on the lower one (Figs. 17 and 
18) and measure 24-58-85 microns X 20-32-46 
microns on the ventral side and 18-52-75 microns 
X 17-28-40 microns on the dorsal side. 

In transverse section (Fig. 20) the epidermis has 
somewhat tangentially elongated cells which are 
larger on the upper side than on the lower one. 
They are 15-22-32 microns X 12-15-20 microns 
on the upper surface and 9-14—20 microns X 6-10- 
15 microns on the lower surface. Beneath the upper 
epidermis are 2-3 layers of palisade tissue. The up- 
per palisade layer consists of larger cells, measuring 
.38-50 microns X 17-25 microns. The spongy meso- 
phyll is represented by 5-7 layers of loosely ar- 
ranged and somewhat isodiametric cells which are 
bigger in the upper layers with a diameter of 17-35 
microns, while the lower layers possess a diameter of 
12-18-28 microns. A few cells of the spongy layer 


also contain rosette crystals of calcium oxalate, 
measuring 8-15 microns in diameter. 

The midrib has a characteristic structure in the 
transverse section (Fig. 19). The epidermal cells, 
particularly on the dorsal side, are cubical. Below 
the epidermis is found a coUencyma of 2-3 layers of 
cdls on both the sides, following which are 4-5 
layers of parenchymatous cells, mostly devoid of 
chloroplasts. The central region is occupied by a 
well-developed vascular bundle with phloem toward 
the dorsal side and the xylem on the ventral side. 
As usual the phloem consists of sieve tube tissue with 
companion cells distributed in the phloem paren- 
chyma, while the xylem is composed of radial rows 
of xylem vessels with intervening xylem paren- 
ch 5 mia. No distinct bundle sheath surrounds the 
vascular bundle either of the midrib or of the lamina. 

To elucidate further the diagnostic differences of 
these two species, their stomatal indices and palisade 
ratios have been studied (Tables HI and IV). 


Table III. — Stomatal Indices of Herpestu vwn- 
niera and Hydrocotyle asiatica 


/ — Herpestis monniera — .. — Hydrocotyle asiatica—^ 

Upper 

Lo'wer 

Upper 

Lower 

Surface 

Surface 

Surface 

Surface 

12.77 

17.25 

20.51 

17.32 

12.50 

16.44 

14.56 

16.86 

13.76 

17.35 

11.58 

17.26 

13.98 

16.64 

15.46 

17.65 

15.96 

15.78 

14.45 

16.57 

12.46 

17.65 

14.84 

17.56 

14.11 

17.20 

14.83 

17.56 

12.95 

16.27 

15.24 

21.28 

11.50 

16.02 

14.32 

17.64 

13.17 

14.95 

14.43 

16.71 

12.76 

14.75 

16.12 

15.92 

15.11 

16.58 

15.43 

19.43 

14.34 

17.45 

14.56 

18.25 

13.70 

15.58 

14.25 

19.43 

13.38 

17.65 

13.46 

19.43 

12.24 

16.44 

14.53 

17.64 

13.23 

17.25 

15.27 

21.05 

15.10 

15.80 

14.56 

17.58 

12.05 

14.95 

15.25 

19.56 

14.35 

16.55 

14.58 

16.68 

Mean 13.50 

16.42 

14.93 

17.89 

Variation 

Analysis of Variance 
Degrees 

of Sum of 

Meau Sum 

Due to 

Freedom 

Squares 

of Squares 

Species 

1 

43.3777 

43.3777 

Surface 

1 

179.3065 

179.3065 

Surface X 
species 

1 

0.11025 

0.11025 

Error 

76 

152.34355 

2.00452 

Total 

79 

375,13800 



The analysis of variance shows that highly signifi- 
cant variation exists between these two species. 
Variation due to surface is also significant. This is 
because great differences exist in the distribution of 
stomata on the upper and the lower surfaces, per 
sq. ram. leaf area, particularly in the case of Hydro- 
cotyU asiatica, where the lower surface happens to 
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possess at an average 50-60% more stomata than 
the upper one. The interaetion between surface 
and species is not significant. These two species 
therefore can be distinguished easily by their stoma- 
tal indiees, since Hydrocotyle asiatica possesses a 
much higher value than Hcrpestis inonniera (Table 
V). 


Table IV. — Palisade Ratios of Herpestis mon- 
niera and Hydrocotyle asiatica 


Herpestis monniera 

Hydrocotyle asiatica 

1.25 

1.50 

3.75 

3.50 

1.75 

1.25 

5.00 

5.25 

2.25 

2.25 

5.75 

4.00 

2.00 

2.00 

3.25 

3.50 

2.25 

2.00 

4.00 

5.75 

2.00 

2.25 

5.25 

3.75 

1.75 

2.00 

4.00 

4.00 

2.25 

1.75 

4.75 

5.25 

1.50 

1.25 

5.00 

4.50 

2.00 

1.75 

4.00 

5.50 

Mean 1 . 85 


4.46 


Analysis of Variance 


Variation 

Degrees of 

Sum of 

Mean Sum 

Due to 

Freedom 

Squares 

of Squares 

Species 

1 

68.2516 

68,2516 

Error 

38 

19.0834 

0.5022 

Total 

39 

87.335 



It will be seen from the above table of variance 
that very high significant variation exists between 
the two species. Thus they can be differentiated on 
the basis of their palisade ratios also. 


Table V. — Range of Variation in the Stomatal 
Indices and Palisade Ratios of Herpestis mon- 
niera and Hydrocotyle asiatica 



' Stomatal Indices 



Upper 

Lower 

Palisade 

Species 

Surface - 

Surface 

Ratios 

Herpestis 

11.5-13.6- 

14.9-16.3- 

1.25-1.75- 

monniera 

15.9 

17.7 

2.25 

Hydrocotyle 

11.6-15.2- 

15.9-18.9- 

3.25-4.00- 

asiatica 

20.5 

21.1 

5.75 


DISCUSSION 

Herpestis monniera and Hydrocotyle asiatica be- 
long to two different families. Accordingly they 
differ to a great extent in their anatomical features. 
In their habitat too these vary a great deal; Her- 
pestis monniera grows in more moist places than 
Hydrocotyle asiatica, consequently it possesses such 
structures as are characteristic of plants growing in 
moist localities. The presence of air chambers and 
the absence of collenchyma or sclerenchyma in the 
stem, inadequate differentiation of mesophyll into 
palisade and spongy tissues in the leaf, and the re- 
duction of vascular elements both in the stem and 
the leaf are some of the important characteristics 
which point out to its habitat which is more of a 
hydrophytic nature than of the mesophytic one. 
Hydrocotyle asiatica, on the other hand, shows some- 
what xerophytic characteristics. The salient differ- 
ences in their anatomical features which may help 
one to distinguish these two species are therefore 
the following: 


1 . 

2 . 

3. 

4. 


5. 


6 . 


8 . 

9. 

10. 

11 . 

12 . 

13. 


Herpestis monniera Hydrocotyle asiatica 

Stem Structure 


Collenchyma is absent. 

The cortex possesses large air chambers and 
is thus lacunar. 

The stele is reduced and consists of a continu- 
ous ring of a few phloem and xylem elements. 
Sclerenchyma is absent. 


A well-developed collenchyma is present below the 
epidermis. 

The cortex has only small intercellular spaces. 

The stele is broken up into 7 vascular bundles ar- 
ranged in a ring. 

Sclerenchyma surrounds the peripheral side of each 
vascular bundle. 


Leaf Structure 


Epidermal cells are wavy walled in surface 
view, with lower surface showing greater 
waviness. 

Stomata are present on both the surfaces. 
There is no definite arrangement of subsidi- 
ary cells; usually 3 or more cells surround 
the stomata. The epidermal cells and sto- 
mata are smaller and less in number per sq. 
mm. leaf area. 

Typical glandular hairs on both surfaces. 

Cuticle is strongly developed, occurring as 
prominent striations. 

The mesophyll is poorly differentiated into 
palisade and spongy layers. 

Occasionally a solitary crystal of calcium oxa- 
late may be found in the spongy mesophyll. 

Vascular tissue both in the lamina and the 
midrib is greatly reduced. 

Collenchyma is absent in the midrib region. 

Values representing stomatal indices and pali- 
sade ratios are lower. The range of stoma- 
tal indices lies between 11.50 and 17.65; 
palisade ratios between 1.25 and 2.25. 


Epidermal cells are straight walled and polygonal 
in surface view. 

Stomata are found on both the surfaces, each sur- 
rounded by 3 or more epidermal cells. The 
number of stomata and of epidermal cells arc 
greater per sq. mm. leaf surface. 


Hairs are absent. 

Cuticle is not so well developed, occurring as faint 
striations. 

The mesophyll is well differentiated and there are 
2-3 layers of palisade cells. 

Rosettes of calcium oxalate are found in the meso- 
phyll. 

Vascular tissue is very much developed. 

Collenchyma is present below each epidermis. 

The stomatal indices and palisade ratios are much 
higher, the former varying between 11.58 and 
21.05 and the latter between 3.25 and 5.75. 
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SUMMARY 

Tlie present investigation deals with the 
anatomy of the leaf and stem of Herpeslis 
monniera and HydrocoiyJe asiatica, both of 
which are known as Bralimi. 

The stem of Herpeslis monniera shows on 
tlie outside a layer of epidermis followed by a 
wide lacunar cortex. The endodermis sur- 
rounds internally a narrow zone of pericycle 
and a wide continuous ring of vascular tis- 
sue. In the center is' found a small pith. 

Characteristic glandular hairs and sto- 
mata are present on both the surfaces of the 
leaf of H. monniera. The epidermal cells 
are wav)"- walled. The differentiation, of 
mesophyll into palisade and spongy tissues 
is poor and the vascular tissue is also much 
reduced. A distinct bundle sheath surrounds 
each vascular bundle. 

The stem of Hydrocotyle asiatica consists oi 
a single layer of epidermis, followed by a 
narrow ring of collenchyma and a broad 
region of parenchyma in which are distri- 
buted seven vascular bundles in a ring. A 
distihct.endodermis is not to be seen. Each 
vascular bundle is surrounded toward the 
periphery by a semilunar natch of scleren- 


chyma. The vascular bundle is of the open, 
collateral type. Resin canals are found dis- 
tributed in the cortex. 

The leaf of H. asiatica is characterized by 
a petiole having more or less similar struc- 
ture as noted in the case of the stem. Sto- 
mata are present on both the surfaces, but 
hairs are absent. The mesophyll is differen- 
tiated into 2-3 layers of palisade cells on the 
ventral side and 5-7 layers of spongy cells 
on the dorsal side. The midrib has a collen- 
chyma below each epidermis. 

These two species differ greatly in their 
stomatal indices and palisade ratios, Hydro- 
colyle asiatica possessing greater values than 
Herpeslis monniera. Other important ana- 
tomical differences between the stems and 
the leaves of these species have also been 
indicated. 
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Book Review 


Inorganic Chemistry, by W. Norton Joses. The 
Blakiston Company, Philadelphia, 1947, xii -t- 
817 pp. 49 pp. Problems and Questions. 
17 .X 23.5 cm. Price S4.25. 

Just as newer developments in the field of chemis- 
try arc adding to and clianging previous ideas, the 
autlior has endeavvored to revise the older order of 
presentation of a first year course in college chemis- 
try. Tliis has been done for the purpose of increas- 
■Pg student interest and to enable him to better 
grasp and retain the facts in the light of modern 
concepts of electronic structure and the periodic 
relationship of the elments. 

For conservation of time on the part of the stu- 
dent, the treatment of the historical aspects is 


limited to brief sketches and portraits of those men 
and to those events which have been so important 
in shaping the course of the science of chemistry from 
a cultural and liistorieal standpoint. 

The theme followed by the author to maintain 
interest is a presentation of tlie theoretical aspects, 
interspersed with descriptive chapters and practical 
application. 

Following each chapter bibliographies on tlie par- 
ticular subject covered arc included for the con- 
venience of the student. 

This volume should be interesting and valuable 
to the first year student in college chemistry cither as 
a textbook or as an adjunct to the one in use. — 
Kevlon Deahl. 



Thixotropic Mineral Gels and Their Therapeutic 

Possibilities* 

By HERMAN J. SCHNEIDERWIRTH and PAUL W. WILCOXf 


Some aspeas of thixotropic behavior are dis- 
cussed and experimentally developed thixo- 
tropic systems in water dispersions of alka- 
line earth metal salts are described. Factors 
influencing and producing thixotropy in 
these systems are discussed. The possible 
application of thixotropic gels as therapeutic 
agents is presented. 

^P'he dispersion of small solid particles 

in a fluid sometimes results in the for- 
mation of a rigid gel when the mixture is at 
rest, but upon shaking the gel becomes a 
readily flowing suspension, called a sol. 
This transformation takes place under iso- 
thermic conditions and often is reversible 
at will for an unlimited period of time. 
Thixotropy is the name given to this physi- 
cal behavior. It is called a “phenomenon” 
indicating that it is something beyond or- 
dinary conception, something yet unex- 
plained. 

Some liquid dispersions of small mineral 
particles exhibit thixotropy naturally, but it 
is possible also to produce thixotropy arti- 
ficially under experimental conditions. How- 
ever, no definite rules exist to aid a research 
worker in establishinjg a given thixotropic 
system. This is strikingly demonstrated by 
Pryce-Jones (1) who states: “It may be 
safely assumed that at the present time no 
theory can explain the behavior of thixo- 
tropic systems or can predict the type of 
flow resulting from a dispersion of a given 
volume of fine particles in a fluid.” 

Several theories have been advanced to 
explain thixotropic behavior. One of them 
suggests that attracting and repelling forces 
of an electric nature acting upon or between 
the surfaces of the particles rule the phenom- 
enon. These forces, some of which are 
believed to be London-van der Waals forces, 

* Received June 7, 1947, from the Department of Pharma- 
ceutical Research, Medical Research Division, Sharp & 
Dohme, Inc., Glenolden, Pa. 

t The authors gratefully acknowledge the work done by 
Dr. L, D. Wright and Helen R. Skeggs of the Department of 
Pbarmacologj’, Medical Research DiWsioo, Sharp & Dohme, 
in carrying out the rat experiments. They are also indebted 
to Mr. Wm. F. Happich, Jr., for painstaking and laborious 
analytical work on the rat ash residues. 


compel the colloidal particles to arrange 
themselves toward eacli other in a certain 
pattern resulting in gel formation. As 
shown by Schalek and Szegvari (2) and by 
Hauser (3) in ultramicroscopic studies, the 
particles first lose their translatory, then 
their rotatory Brownian movements. There- 
after they are found to be evenly built into a 
semisolid gel structure and placed motion- 
less face to face or end to end, separated by 
the dispersing medium. This peaceful ar- 
rangement easily is destroyed by agitation. 
Thereby, the particles are tom loose and 
slide along or tumble over each other. 
Everything is temporarily out of line. 
Brownian movement starts again and a 
readily flowing sol results. The latter is 
sustained for seconds or days, depending 
upon the thixotropic condition present. 
During this time the gel state gradually is 
being restored. Unfortunately, convincing 
experimental evidence of the theory out- 
lined and of others advanced is lacking. 

Thixotropy by no means is hmited to 
solid particles of minerals in a fluid. Or- 
ganic colloids, foams, and emulsions may be 
made to exhibit thixotropy (4). In short, 
the latter is a universal coUoidal phenom- 
enon, unlimited in scope. Complex, and as 
yet unexplained functions of living cells 
are influenced by thixotropic behavior (5). 
Among others, the appearance of neoplasm 
in parts of the body remote from the seat of 
a primary tumor may be due to the ability of 
cancer cells to exhibit thixotropy during 
some stages of their migration. A closer 
study of the thixotropic phenomenon in bio- 
coUoids may yield important clues to the 
understanding of many vital biologic proc- 
esses. Finally, one can speculate that thixo- 
tropic behavior of colloids in an infinitesi- 
mally small dynamic way may possibly cor- 
relate with the electric theory of matter as 
applied to molecules and atoms. As the 
particle size of matter decreases, electric 
energy acting upon or between the particles 
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increases until it reaches the tremendous 
proportions often encountered in subatomic 
phenomena. 

This presentation is limited to experimen- 
tally produced thixotropic systems of aque- 
ous dispersions of alkahne earth metal salts 
and their possible practical applications in 
pharmacy. 

EXPERIMENTAL 

Particle Size and Shape. — Past studies of strongly 
thixotropic systems made by different investigators 
(6) and (7) show that most favorable conditions are 
present when the particles have the following char- 
acteristics. They should be from submicronic to 5 
microns in size, anisometric rather than isometric, 
and of plate or rod-like shape. We were not able to 
produce such particles by extensive mechanical treat- 
ment of aqueous dispersions of finely powdered 
mineral salts in a colloid mill. However, when 
aqueous solutions of alkaline earth metal salts such as 
calcium, magnesium, barium, and strontium chlorides 
were allowed to react under specific conditions with 
alkaline salts of phosphates, carbonates, and sili- 
cates, colloidal dispersions of the respective water- 
insoluble salts that by subsequent treatment could 
be converted into thixotropic gels were obtained. 
Particle size and shape were influenced mainly by 
the temperature at which the reactions took place. 
Agitation and rate of flow at which the solutions 
were combined were second in importance. The 
solutions were prepared in concentrations close to 
the saturation point at the respective temperatures. 
Approximately stoichiometric equivalent quantities 
of the reacting chemicals were used. 



Fig. 1. — Dispersions obtained at 5°, 10°, 25°, 
65°, and 90° after standing twenty-four hours at 
room temperature. 

The foUoOTng is an example, showing the prepa- 
ration of a mixture of calcium and magnesium phos- 
phates and carbonates at different temperatures and 


the degrees of dispersion of the particles obtained 
thereby. 

Two solutions were prepared in the following 
manner: 


Solution A 

Calcium chloride, crystalline 122.25 Gm. 

Magnesium chloride, crystalline. . 6.40 Gm. 

Distilled water, a sufficient quan- 
tity, to make 1000 cc. 

Solution B 

Sodium phosphate, dibasic, anhy- 
drous 108.00 Gm. 

Sodium carbonate, monohydrated . 16^25 Gm. 

Distilled water, a sufficient quan- 
tity, to make 2000 cc. 


Both solutions were cooled to 5°. One hundred 
cubic centimeters of solution A was added to 200 
cc. of solution B in a slow, even stream while agitat- 
ing solution B. The voluminous precipitate was 
shaken for ten minutes and transferred in part to a 
graduated 100-cc. cylinder. The same procedure 
was repeated with the remaining solutions A and B 
after warming both to 10°, 25°, 55°, and 90°. The 
suspensions obtained under these conditions are 
shown in Fig. 1. 

Conversion into Thixotropic Gels. — The super- 
natant liquids from the dispersions were decanted 
to remove the bulk of the water-soluble electrolytes 
formed during the chemical reaction. Thereafter 
filtration by suction, using a Buchner funnel, pro- 
duced soft gels from which additional water was 
removed in a press. It was comparatively easy to 
obtain in this manner gels containing from 30% to 
35% total solids. Of course, concentration may be 
regulated at will to meet specific requirements. The 
mineral gels prepared in this manner formed heavy, 
semisolid “cakes” that could be broken up and con- 
verted into thick pastes by mechanical mixing. 
Thereafter, sufficient citric acid to give a concentra- 
tion of 0.5% to 1.5% was added and dissolved by 
mixing. This resulted in a slight softening of the 
pasty mass. The of such mixtures approximated 
4.5. 

When this was raised by the addition of an 
alkali such as sodium hydroxide, sodium carbonate, 
ammonia water, or an amine to a point above pH 
5.0, the mixture was converted into a liquid sol that 
exhibited'thLxotropy. An increase of pH above 6.5 
gradually caused the reconversion of the sol into a 
thick paste with loss of thixotropy. Thus, within a 
narrow pH range (approximately 5 to 6.5) a thixo- 
tropic system was established. The time of con- 
version from the sol to the gel state as well as the 
degree of viscosity of the sol and the rigidity of the 
gel varied with different alkaline earth metal salts. 
In most experiments reconversion took place within 
a few minutes and the sols were of comparatively 
low viscosity. They could be poured easily and 
would pass through a narrow gauge hypodermic 
needle without difficulty, whereas the subsequently 
formed gels were rather rigid in structure. It was 
further found that the pH range of thixotropic be- 
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havior could be broadened considerably, and thixo- 
tropy in general enhanced, when carbohydrates 
such as lactose and dextrose, or hexahydric alcohols 
such as sorbitol or mannitol, were added to the al- 
kaline earth mineral gels and dissolved therein. 
Thus thixotropy was obtained within a fiH range of 
from 4 to above 10. 

Some Properties of the Thixotropic Mineral Gels. 
— The size and shape of particles in a thixotropic gel 
prepared from a dispersion obtained at a temperature 
of 55°, as described above, are shown in one of the 
photomicrographs of Fig. 2. As a comparison a 
photomicrograph of an emulsion that was prepared 
from an aqueous dispersion of finely powdered 
mineral salts having substantially the same com- 
position as those present in the thixotropic gel is 
presented. The emulsion was prepared in the follow- 
ing manner: 

Calcium phosphate, dibasic, fine ' 

powder 174 Gm. 

Calcium carbonate, precipitated, 

fine powder 16 Gm. 

Magnesium phosphate, dibasic, 

fine powder 5 Gm. 

Magnesium carbonate, light, fine 

powder 5 Gm. 


Cod-Liver OU, U. S. P 200 cc. 

Acacia, fine powder 50 Gm. 

Distilled water, g. J 1000 cc. 


The acacia powder was added to the cod-liver oil 
and dispersed by trituration. One hundred cubic 
centimeters of distilled water was added and the 
mixture was emulsified. The combined calcium and 
magnesium salts were mixed with 450 cc.' of dis- 
tilled water and treated in a colloid mill for twenty 
minutes. This dispersion was then mixed with the 
emulsion, adjusted to 1000 cc., and twice put through 
a hand homogenizer. The procedure is similar to 
the one given in “The Pharmaceutical Recipe 
Book,” ed. 3, page 44, for compound emulsion of 
magnesium trisilicate and kaolin. However, the 
product prepared by us was superior on account of 
the additional colloid mill and homogenizer treat- 
ment. Cod-liver oil was used instead of mineral oil 
in order to prevent a possible interference with cal- 
cium absorption in animal tests which are described 
herein and in which tests this emulsion was used. 

The absorption and utilization of calcium from 
the thixotropic gel in comparison with the emulsion 
described were determined in preliminary in vivo 
tests on 50 rats in the following manner; 
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Fifty young albino rats of 85 Gni. average weight 
were kept on a calcium-free diet for three weeks. 
Thereafter, one group of 15 rats was fed by stomach 
tube 1 cc. of a thixotropic gel prepared as described, 
above. Another group of 15 rats was fed 1 cc. of the 
emulsion described above. After one, two, and five 
hours, 5 rats of each group were sacrificed and the 
whole intestinal tracts were dissected and reduced 
to ash. Four unfed control rats were treated in the 
same manner. 


Calcium Absorption 


1. Thixotropic Gel 

Found in 
Intestine 

Absorbed 

Intake (per rat) . . 

1 hr 

2 hr 

5 hr 

64.70 mg. 
63.53 mg. 
62.96 mg. 
55.24 mg. 

1.17 mg. 
1 . 74 rag. 
9.46 mg. 

2. Emulsion 

Intake (per rat) . . 

1 hr 

2 hr 

5 hr 

57.50 mg. 
59.30 mg. 
58.94 mg. 
51.28 mg. 

None 
None 
6.22 mg. 

3. Unfed Controls. 

1 . 05 mg. 



Of the remaining 16 rats two groups of 6 rats 
each were fed daily 1 cc. of the two different prod- 
ucts for four successive days. ' Four rats served as 
controls. On the fifth day these rats were sacrificed 
and the intestinal tracts were dissected out and dis- 
carded. The animals minus intestinal tracts were 


reduced to ash and the calcium in the ash residue 
was determined. 

Calcium Utilization 

1. Thixotropic gel fed to 6 rats: 

Intake (per rat) 64.70 mg. Ca daily for 

4 successive daj’s 

Average found in 6 
rats minus intes- 
tines 366.95 mg. Ca — gain 

119.10 mg. (cor- 
rected for weight) 

2. Emulsion fed to 6 rats: 

Average intake 57.50 mg. Ca daily for 

4 successive days 

Average found in 6 
rats minus intes- 
tines 325.11 mg. Ca — gain 

85.01 mg, 

3. Unfed Controls: 

Average found in 4 

rats minus intes- 
tines 240.10 mg. Ca. 

The figures obtained are statistically significant 

enough to conclude that the thixotropic gel was 
definitely better absorbed from the intestinal tract 
of rats and better utilized by their body than was 
the emulsion. Since the number of animals in each 
group xvas rather small, no attempt is being made to 
evaluate the advantages of one product over the 
other in a percentage form. Such figures we hope 
to be able to present after completion of further 
animal tests conducted on a larger scale. 


DISCUSSION 


Since this research was aimed at a possible appli- 
cation of the thixotropic gels as therapeutic agents, 
a critical evaluation of the practical advantages 
gained seems to be in order. 

Substantially aqueous, fluid medications contain- 
ing fine, solid particles immiscible with or insoluble 
in water usually are prepared in the form of sus- 
pensions or emulsions. Often there is a separation 
of the liquid phase upon standing. Sedimentation 
and coagulation of the particles into a lumpy pre- 
cipitate impossible to redisperse by shaking is an- 
other common occurrence. Further, sometimes the 
use of large amounts of viscous, gummy or oily sub- 
stances, needed to obtain permanent suspension, 
limits the concentration of therapeutically active 
ingredients. These admixtures also often coat the 
particles to a degree that may interfere with their 
absorption and utilization by the body. These prod- 
ucts contain an abundance of uneven, sharp-edged, 
gritty particles whose unpleasant taste can be 
masked only feebly by the skill of the pharmaeist. 
In such systems the particles are in an uncontrol- 
lable, unorganized state. Some of” them show 
Brownian movement, and others simply follow the 
law of gravity and sink to the bottom. 

Thixotropic gels in contrast are controllable, 
regimented systems. The disadvantages inherent 
in the comparable forms of application as outlined 
above largely are overcome. Concentrations of 
from 30% to 40% of fine solid particles may be in- 


corporated into the semisolid gels, yet the sols pour 
easily. Such concentrations cannot be obtained in 
pourable mechanical suspensions or emulsions. 

Stability of the thixotropic gels is another impor- 
tant gain. Separation of the liquid phase does not 
take place except for a slight syneresis common to 
all gels and caused by slurinkage after standing for 
several months. Smoothness and creamy consist- 
ency, due to fine particle size and to thixotropy it- 
self. is another practical advantage for oral prepara- 
tions. Finally, evidence for increased absorption 
and utilization of calcium from a thixotropic gel as 
compared with an emulsion when both were fed to 
calcium-starved rats have been shown in the experi- 
mental portion of this communication. It is at least 
possible that similar results c.an be obtained in 
human subjects. 

To obtain optimum therapeutic response in gen- 
cr.al mineral deficiencies, additional mineral ele- 
ments known to be needed by the body, as described 
in a recent review by Richards (8), were incorpo- 
rated in some of our experimental lots. Such addi- 
tions did not interfere with stability or other char- 
acteristics of the thixotropic gels. 

.Another logical step w.as the addition of vitamins. 
The writers have prepared many such products and 
find that fat-soluble vatamins such as vitamin A, 
vitamin D, and a-tocophcrol, as well as tlie water- 
soluble vitamins such as ascorbic acid and memberJ 
of the vitamin B complex, remain evenly dispersed 
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throughout the thixotropic gels. Losses in vitamin 
potency after standing for twelve months were mod- 
erate and rvithin expected limits. This is under- 
standable when one realizes that the vitamins are 
in a state of complete rest, imprisoned in a solid gel 
in the presence of antioxidants which had been 
added to enhance stability. 

SUMMARY 

1. Some aspects of the present status of 
our knowledge of thixotropic behavior are 
discussed briefly. 

2. Experimentally developed thixotropic 
systems in aqueous dispersions of alkaline 
earth metal salts are described. The factors 
influencing and producing thixotropy in 
these dispersions are particle size and shape, 
concentration, pH and the presence of ci- 
trates, carbohydrates, or hexitols. 

3. Possible applications of the prepared 


thixotropic gels in mineral . therapy and 
their use as adsorbents or vehicles for thera- 
peutic agents, are presented. The advan- 
tages of such medications are; high con- 
centration of ingredients in a gel-sol form 
that is reversible at will; stability; free- 
dom from grittiness; controlled, even dis- 
tribution of ingredients throughout the 
gels; and possible increase in therapeutic 
response. 
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Iodine Research Award Nominations Requested 


Nominations are now being received by the 
American Pharmaceutical Association for the 
Iodine Educational Bureau Award recognizing out- 
standing research in the chemistry and pharmacy 
of iodine and its compounds as applied in pharmacy 
or medicine. Any member of the Association may 
propose a nominee by submitting specific identifica- 
tion of the work to be considered in the competition, 
a biographical sketch of the nominee including date 
of birth, and a list of his publications. Eight copies 
of the nomination must be submitted to the Secre- 
tary of the Ajierican Pharmaceutical Associa- 
tion, Dr. Robert P. Fischelis, 2215 Constitution 
Ave., N. W., Washington 7, D. C. To be eligible for 
the 1948 Award, nominations must be received be- 
fore January 1. 

Establishment of the new iodine award was an- 
nounced at the Milwaukee convention of the Ameri- 
can Pharmaceutical Association, which will ad- 
minister the competition. 

.A nominee must be a resident of the United States 
or Canada. He must have accomplished outstanding 
research in the chemistry or pharmacy of iodine and 
its compounds as applied in pharmacy or medicine. 

During the period covered by the nomination the 
nominee shall have been actively engaged in, shall 


have completed, or shall have published a report 
upon the line of investigation for which the award is 
made. During a period of two years prior to the date 
of nomination, the nominee shall not have been 
engaged in research under the sponsorship of the 
Iodine Educational Bureau, Inc. 

The award consists of SIOOO and a diploma setting 
forth the reasons for selection of the recipient^ It 
may be presented biennially at the annual meeting 
of the American Pharmaceutical Association. 

The recipient will deliver a paper or lecture upon 
the subject of his scientific work at the meeting at 
which the award is conferred. His paper, or address, 
will then be published in the Journal of the Ameri- 
can Pharmaceutical Association. In addition 
to the sum of the award, the recipient will receive an 
allowance of not more than S250 to defray his ex- 
penses in attending the meeting. 

The recipient will be selected by an award com- 
mittee which is appointed by the chairman of the 
Association's Council and which functions under 
prescribed rules. 

Should the award committee fail to find a suitable 
recipient in any biennium, two awards may be made 
during the next biennium in the same or successive 
years, if suitable recipients are selected. 


Lubricants in Compressed Tablet Manufacture* t 

By J. EDWARD WOLFF," H. GEORGE DeKAY, and GLENN L. JENKINS 


A theoretical discussion of the possible causes 
for sticking and binding during compression 
of granulations is presented together with 
fundamental research on the mode of action 
of a lubricant. One hundred seventy-one 
water-soluble compounds were studied for 
lubricating properties. Two per cent of a 
compound lubricant composed of equal parts 
of Dreft, sodium oleate, and Maprofix gave 
satisfactory lubrication to 72% of the tested 
granulations. 

T he manufacture of tablets, as we 
know them today, has recently had its 
one hundredth anniversary. There has 
been little change in the list of lubricants 
appearing throughout this period and today 
we still find talc, the stearates, mineral oil, 
and boric acid commonly employed. 

A lubricant is generally defined as a sub- 
stance which is added to the granulation to 
insure uniform feeding into the die and to 
prevent the material from adhering to the 
punches and die during and after compres- 
sion. 

The exact manner in which a lubricant 
accomplishes these important ftmctions is 
not clearly understood. It is known that a 
compound may offer lubrication to one 
granulation, while it fails to lubricate an- 
other. For some substances no lubricant is 
required, although generally it is necessary 
to add one before compression. The amount 
of lubricant used will vary, and be depend- 
ent upon both the granulation and the lubri- 
cant selected. 

The questions arising are: Why do some 
substances require a lubricant, and why does 
a lubricant appear to show specificity in 
action? 

This paper attempts to disclose some theo- 
retical material published in allied fields of 
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work which may in time bring forth answers 
to our questions. The thesis is divided into 
two portions. Part I being devoted to ex- 
ploring the mode of action of a lubricant 
and Part II consisting of a study of water- 
soluble compounds for lubricating proper- 
ties. 

THEORETICAL DISCUSSION 

Rodwell (1) reports that the lack of sufficient lu- 
bricant will result in enough friction to cause the 
tablet to crack. Husa (2) states that more lubricant 
is needed where there are excessive fines since fine 
powder has a greater tendency to stick to the face 
of the punch. 

Various physical and chemical factors may enter 
into the causes for picking, sticking, and binding 
during compression. Peddie (3) points out that 
many substances have their melting points lowered 
with an increase in pressure. The migration of 
alkaloids to the surface of a tablet during compres- 
sion suggests some electrical phenomena. Richards, 
ct al. (4) state that volatile substances are more com- 
pressible than nonvolatile, as the nonvolatile com- 
pounds are already under internal pressure. Rich- 
ards and Mathews (5) conclude that compressibility 
is large when the surface tension is small, and that 
the density is greater in compounds with a large 
surface tension and a small compressibility. 

The conversion of sodium bicarbonate to sodium 
carbonate under pressure has been reported (6). 
Spring (7) states that bodies remain solid under 
compression unless they occupy a smaller volume 
in the liquid than in the solid state. Hallock (8) 
asserts that the melting point and liquidity of a prod- 
uct arc as important as its constituents in determin- 
ing the possibility of a chemical reaction under 
pressure. Johnston and Adams (9) observed three 
layers in a compressed body: the vitreous outer 
surface, suggesting the flow of a viscous liquid under 
pressure, a granular layer directly beneath the vitre- 
ous surface, and a matted crystalline layer within. 

Creelman and Crocket (10) refer to the work of 
Tail at the University of Edinburgh where his spe- 
cial galvanometer recorded that tlie fall in tempera- 
ture on relieving pressure is considerably less than 
the rise on the application of pressure. 

Ricliards (11) made studies on electrification by 
impact whereby frictional electricity was compen- 
sated. The cliarge produced was directly propor- 
tional to the velocity of the piston and there was no 
immediate limit to the charge for most solid dielec- 
trics. 
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EXPERIMENTAL 

Part I 

Experiment 1. — To determine the most effective 
way of incorporating the lubricant, fourteen water- 
soluble compounds were selected. Each was di- 
vided into three parts. The first portion was 
screened through a 120-mesh sieve and dusted on the 
granulation. The second portion was dissolved in 
water to make a nearly saturated solution and this 
solution was incorporated with the granulation by 
tumbling. The third portion was likewise dissolved 
in water and the solution was sprayed on the granu- 
lation. In the second and third portions the granu- 
lation was air dried for three days prior to com- 
pression. Aspirin-Starch Granulation (Dow) was 
the test granulation. The lubricants applied in 
solution form were found to be the most effective. 

Experiment 2.- — Si.vteen granulations tvere studied 
for general structural arrangement under a hand 
lens magnifying 14 diameters and a compound lens 
magnifying 180 diameters. Compression studies 
with the Colton single punch machine revealed that 
there was no correlation between structure and com- 
pressibility of the screened granulations, as granules 
composed of masses of rectangular crystals were just 
as compressible as those composed of cubical crys- 
tals, or those having no common structural ar- 
rangement. In all tests, those granules having 
numerous interstices were most compressible. 


Relative potential studies, using a properly grounded 
electroscope, showed that the colored boric acid 
carrying a positive charge separated in only 32% 
of the tests when the granulation carried a negative 
charge, whereas 75% of the tests showed separation 
when the granulation carried a positive charge. 
Compression studies using the Colton single punch 
and the Stokes RB-2 rotary machines revealed that 
the degree of adherence of the lubricant to the 
granules does not appear to have any influence on 
the ability to lubric.ate the granules during compres- 
sion, and screening out the free colored lubricant 
did not alter compression. 

Experiment 3. — The fact that crystalline sub- 
stances, having no center of symmetry, show piezo, 
electric properties and are capable of producing 
electric charges when they are compressed, led to 
the opinion that possibly, during the rapid com- 
pression of some compounds, a charge, too large to 
be carried off by the grounded machine, is built up. 
A lubricant might act as a conductor by providing 
more points of contact or it might act as an insulator. 
Resistance to the passage of a current creates heat, 
h6at causes substances to melt, and the melting 
points of some substances are lowered under pres- 
sure. The adhesive nature of most granulations 
would be likely to cause binding or sticking, should 
sufficient heat be generated. 

A device was made (Fig. 1) whereby a compound 
could be placed in an insulated cylinder, pressure 



Figure 1 


Key: 

E — Monsanto hardness tester 
F — Bakelite cylinder 


C — Soft lead guard and ground 
P and P ' — Metal caps 
CL — Clamp 


It was impossible to observe the appearance of a 
lubricant on a granulation when both were white. 
Boric acid was selected as the lubricant. It was 
colored with a 10% solution of Amaranth, dried, 
pulverized, and sifted through a 120-mesh sieve. 
The colored lubricant was added to the granulation 
and thoroughly mixed by tumbling. 

Microscopic study revealed that the lubricant 
becomes lodged in the roughened cavities of the 
granules and does not appear to envelop the granules 
(12). Although nearly all of the granules possessed 
rough edges, in 50% of the samples the lubricant 
did not adhere and a considerable amount of colored 
lubricant remained on paper after thorough mixing. 


applied, and the resistance to the passage of a cur- 
rent measured on a Megohm Bridge (Type S44-B 
No. 99 General Radio Corporation). 

All compounds were introduced so that packing 
was as near uniform as possible throughout the tube 
F. Pressure was applied to the brass piston C until 
15 Kg. was recorded. Points x and y were exactly 8.2 
cm. apart and the diameter was 2.54 cm. A current 
of 120 volts was introduced and the resistance be- 
tween points X and y read directly on the Megohm 
Bridge. The apparatus was grounded through the 
Megohm Bridge. 

Wet granulations were made from which samides 
were removed at various stages of drying. Each 
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sample was studied for compressibility and moisture 
content and specific resistivity. The resistivity in- 
creased considerably as the moisture content de- 
creased. None of the nonlubricated granulations was 
compressible with a moisture content greater than 
'4%. Each of the dry granulations offered a resist- 
ance of over 50,000 megohms to the passage of a 
current of 120 volts. 

The resistivity to conductivity was determined 
on thirty-six dried and powdered compounds sug- 
gested as lubricants. In all but eight the resistivity 
was high. Those offering the least resistance to the 
passage of the current were : bentonite, magnesium 
trisilicate, Margel, Arctic Syntex M, magnesium 
silicate, sodium borate, Kelgin, and Tegin. 

The action of a conductor such as bentonite on a 
granulation which offered a resistance of over 50,000 
megohms was studied under a pressure of 15 Kg. 
From 1% to 5% bentonite was employed in several 
tests and in all tests the resistance did not change. 
When a static charge of 300 volts was placed on the 
compressed material, however, the charge fell off 
rapidly whereas a static charge placed on the com- 
pressed nonlubricated granulation remained with 
only a gradual loss of charge. 

Experiment 4. — Beery (13) states that the lubri- 
cant plays an important part in the disintegration 
of a tablet. 

To show this effect, the standard Aspirin-Starch 
Granulation (Dow) was prepared by screening 
tlirough a number 16 mesh sieve, rejecting the fines 
passing through a number 30 sieve. Thirty-six 
compounds were selected as lubricants representing 
wetting agents, soaps, chemicals, and food products. 
Each was screened through a number 120 sieve, 
mixed thoroughly with the granulation, and com- 
pressed. All granulations were compressed with the 
Colton 2B single punch machine. Each tablet 
weighed 6 gr. Ten tablets had an average hardness 
of 3.5 Kg. when tested. 

The food products representing flours and starches 
caused the tablets to disintegrate most rapidly fol- 
lowed by the wetting agents, chemicals, and finally 
the soaps. It must be noted, however, that the food 
products were employed in the largest amounts, fol- 
lowed by wetting agents, soaps, and finally chemi- 
cals. 

Part II 

Experiment 1. — The need for a water-soluble 
lubricant in the manufacture of compressed tablets 
has long been recognized, particularly if it is intended 
that the tablet give a clear solution when dissolved 
n water. 

One hundred seventy-one water-soluble com- 
pounds were selected from organic and inorganic 
compounds and tested for lubricating properties. 
Solid substances were sifted through a number 120 
sieve and incorporated with the granulation by 
tumbling. Liquids were added and mixed with the 
granulation by tumbling. One per cent of the lu- 
bricating compound was used, because it was found 


that 1% magnesium stearate offered satisfactory 
lubrication to the standard granulations, and the 
smallest possible effective amount of lubricant was 
desired. The standard granulations were: (a) as- 
pirin compound, (6) calcium lactate, (c) vitamin C, 
and (d) dextrose. 

Each granulation was made in sufficient quantitj’ 
to carry through the entire experimentation and 
kept in closed containers. The density and moisture 
content of the granulations were determined at fre- 
quent intervals and were found to remain constant. 
Each granulation was screened prior to lubrication. 
The initial compression studies were made with the 
Colton 2B machine using a Vic-inch die and curved 
punches. Compression immediately followed lu- 
brication. 

The die and lower punch were removed, exam- 
ined, washed, and dried before the next sample was 
compressed. Those compounds offering satisfac- 
tory lubrication were then incorporated with the 
respective granulation and compressed with the 
Stokes RB-2 rotary machine. In practically every 
test more lubricant was required when using the 
rotary than when using the single punch tablet 
machine although the granulations, the size of the 
die, and the tablet hardness were the same. 

Combinations of all the satisfactory lubricating 
compounds were made and tried on the standard 
granulations, and samples of the lubricated granules 
were compressed using both the single and rotary 
punch machines. A compound composed of equal 
parts of Dreft (Procter and Gamble), sodium oleate, 
and Maprofix (Onyx Oil and Chemical Company) 
gave good results when 2% of lubricant was em- 
ployed with twenty-nine different granulations 
which included twelve commercial samples. 

SUMMARY AND CONCLUSIONS 

A theoretical discussion of the possible 
causes for sticking and binding during the 
compression of granulations is presented 
together with fundamental research on the 
mode of action of a lubricant. One hundred 
seventy-one water-soluble compounds were 
studied for lubricating properties. Two per 
cent of a compound lubricant composed of 
equal parts of Dreft, sodium oleate, and 
Maprofix gave satisfactorj^ lubrication to 
72 per cent of the granulations studied. 

The conclusions which may be drawn from 
this initial work include : 

1. Most of the lubricants employed in 
tablet manufacture are insoluble in water 
and appear to be more effective than water- 
soluble lubricants. 

2. A lubricant does not envelop a gran- 
ule but becomes lodged in the roughened 
cavities of the surface. 
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3. A lubricant may play a part in the 
conductance of an electric charge produced 
during compression as a static charge passed 
off more readily from some of the lubricated 
granulations than from others and much 
more rapidly from a lubricated than from a 
nonlubricated granulation. 

4. A lubricant applied in solution form 
is more effective than a powder dusted on the 
granulations. 

5. The type of lubricant plays a part in 
the disintegration of a tablet since food 
products generally caused tablets to disinte- 
grate more rapidly than wetting agents, 
soaps, or chemicals. 

6. The compound lubricant composed of 


equal parts of Dreft, sodium oleate, and 
Maprofix offered satisfactory lubrication for 
72 per cent of the tested granulations. 
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United States Pharmacopoeial Convention 

Seventh Annual Financial Report, Covering the Period from May 1, 1946, 
to April 30, 1947, and Based Up07t the Report of the Auditor 

STATEMENT OF INCOME AND EXPENSE FOR THE YEAR ENDED APRIL 30, 1947 


Income 

Sale of Pharmacopoeias: 

Collections 

Less: Decrease in Accounts Receivable 

April 30, 1946 

April 30, 1947 


$40,558.60 

$ 5,411.00 

890.75 4,520.25 $36,038.25 


Sale of Reference Standards. A. M. A. Articles, etc.: 


Collections .1; 6,402. 4.5 

Le.ss: Decrease in Accounts Receivable 

April 30, 1946 $ 9 16., 50 

April30, 1947 803.00 113, .50 


$ 6,288.95 

Less; Decrease in Collections Pending Remittance to the 
Treasurer 
April 30, 1946 
April 30. 1947 


Interest on Investments: 

Collections $ 2,630.74 

Less: Amortization of Bond Premiums 80.05 2,550.69 


$ 719 25 

487!75 231.50 6,057.45 


Aliscellaneous Income: 
Collections 


411.79 


Total Income 


.$45,058.18 
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Less: 


Expenses 

Publication and Sales Expense S14.930.30 

Less: Increase in Inventory 

■ April 30, 1947 S6,476.99 

April 30, 1946 4,014 . 59 2,461 . 40 

\ 

Administration 

Revision ^3,646 . 16 


S12,468.90 

4,592.72 


Less: Increase in Inventory 
Reference Standards 


April 30, 1947 36,033.75 

April 30, 1946 2,073.02 3,960.73 29,685.43 


Research 1 1,474 . 58 

Stationery and Supplies — Inventory Adjustment (Minus) 85.38 


Provision for Depreciation: 

Building 344.91 

F umishings and Equipment 302.06 646.97 


58,783.22 


Excess of Expense Over Income 
For the Year Ended April 30. 1947 


313,725.04 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS (GENERAL ACCOUNT) 
FOR THE YEAR ENDED APRIL 30, 1947 


Cash on Deposit, April 30, 1946 
Add: 

Receipts 

Sale of Pharmacopoeias 

Sale of Reference Standards . . 

Interest on Investments 

Use of Text by Others 

Miscellaneous 


$62,414.24 


$40,558.50 

6,402.45 

2,630.74 

10.00 

401.79 50,003.48 


$112,417.72 


Less 

Disbursements 
Printing and Binding. . . . 
Salaries and Honoraria . . . 

Clerical 

Meetings 

Supplies 

Postage and Telegrams . . . 

Compensation 

Headquarters 

General, 


Add: 


Publications 
and Sales 
$14,930.30 


Adminis- 

tration 

Revision 

Research 

Total 

$14,930.30 

$1,700.00 

$13,500.00 


15,200.00 

1,148.80 

7,998.50 

S 129.90 

9,277.20 

583. ‘12 

1,207.13 

3,443.29 

5,233.84 

58.00 

1,343.24 

785.32 

2,186.56 

85.20 

1,043.86 

31.36 

1,160.42 


1,289.95 

7,263.48 

7,070.59 

7,070.59 

1,289.95 

1,017.30 

14.12 

8,294.90 

$4,592.72 

$33,646.16 

$11,474.58 

$64,643.76 


Purchase of Furnishings and Equipment 3 

Building Improvements 


9.90 

117.50 $64,771.16 


Cash on Deposit, April 30, 1947 $47,646.56 
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A MORE DETAILED AND SUPPLEMENTARY STATEMENT OF THE REVISION AND 

RESEARCH EXPENSES 


Revision — ^Meetings 

Chairman’s Conferences— Transportation, Hotel, Meals, Etc., for the Revision Chairman and 
Others, for Meetings and Conferences Related to or Required by the Revision Program and 
Called by the Chairman 


Revision — Supplies 


Stationery 

Mimeograph , . 
Miscellaneous 


S 


275.75 

594.99 

472.50 


1,343.24 


Revision — Salaries 

Revision Chairman, E. Fullerton Cook 
E.xecutive Assistant, Adley B. Nichols. 

§13,500.00 


S 9,000.00 
4,500.00 


Revision — General 


Reference Standards § 3,320.75 

A. M. A. Convention Exhibit 625.96 

Inter Society Color Council 25.00 

American Pharmaceutical Association — 1945 and 1946 2,000.00 

Receiver of Taxes, Philadelphia 1,180 . 15 

Miscellaneous 111.62 


S 7,263.48 


Headquarters 


anitor's Salary (One-half) $ 795.00 

Jtilities 365.90 

llaintenance — Supplies 53.16 

Repairs 29.70 

'umiture and Equipment 26.19 

nsurance 20.00 


S 1,289.95 


Research 


Meetings, 
Supplies, 
Postage, 
Clerical 
Travel and 


Subcommittees General 

1. Scope 

Meetings 82,239.40 

Miscellaneous 10.20 

o. Botany & Pharmacognosy 28.50 

7. Inorganic Chemicals 300.44 

8. Organic Chemicals 500.00 

13. Ointments, Etc 466.46 

Amino Acids Committee 489.07 

Anti-anemia Board 121.50 

Sterile Product-s Board 58.2-3 

Vitamin Board 190.07 


84,403.99 


Technical Assistance 
Assistant to Dr. Youngken for Study 


on Rhubarb S 70.59 

Assistant to Dr. Krantz 2,500.00 

Assistant to Dr. Beal...’. 4,500.00 


$ 7,070.59 
4,403.99 


Total 


811,474.58 
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Notes on the Role of Hydrogen Ion Concentration and Buffer 
Systems in the Preparation of Ophthalmic Solutions* 

By HARRY W. HIND, FRANK M. GOYAN, and T. W. SCHWARZ 


'T^HE PAPER entitled, "A New Concept of the 
Role of Hydrogen Ion Concentration and Buffer 
Systems in the Preparation of Ophthalmic Solu- 
tions,” by Hind and Goyan (1) has created suf- 
ficient interest to show the need for further clarifica- 
tion of at least two points. 

The first has to do with the choice of preservative, 
especially in connection with "Solution 3 for Prepa- 
ration of Eserine Solutions” (1). When this solu- 
tion is used, a salicylate-benzalkonium incompati- 
bility* similar to the nitrate-zephiran incompatibil- 
ity reported by Huyck and Davy (2) cannot be 
avoided except by choosing some salt of eserine 
other than the salicylate. A more generally useful 
solution for eserine can be made by substituting 
phenylmercuric nitrate (1:100,000) for benzalkon- 
ium chloride (1:50,000). A further improvement 
results from substituting sodium sulfite for sodium 
metabisulfite as the antioxidant. The slow oxida- 
tion of the bisulfite by oxygen of the air causes a 
decrease in pH which promotes the formation of tur- 
bidity upon the addition of eserine salts to old solu- 
tions. Although no solution containing sulfite or 
bisulfite should be kept indefinitely, the substitu- 
tion of sodium sulfite eliminates some of the unde- 
sirable effects of aging. The following formula 
embodies the changes suggested above. 

Solution for the Preparation of Eserine Solution 


Boric acid, C. P. (22.0 Gm./L.) 0.35G ill 

Sodium sulfite (Na 2 S 03 ) 0.1% 

Phenylmercuric nitrate 1 : 100,000 

Distilled water g. s. 


The second matter that requires clarification has 
to do with the ambiguous column heading, "Grams 
of Sodium Chloride per 100 Cc. to Render Isotonic.” 
In Table V (1) values tabulated under this heading 
for the Sorensen phosphate buffer system represent 
the ealculated osmotic equivalent of each buffer 
mixture, expressed as grams of sodium chloride per 
100 cc. of water. These values were calculated from 
the equation, 

W — 17{Linh 4" A^ma), 


* Received July 1, 1947 from the Barnes-Hind Labora- 
tories, Inc., 430 Post St., San Francisco, and the University 
of Caiifornia, College of Pharmacy, San Francisco. 

^ Preliminary experiments show that the horic acid-sulfite 
solution for eserine, containing any one of several cationic 
bactericidal quaternary ammonium salts such os Zephiran, 
Phemcrol, and Emulsept, at a dilution of 1 :.S0,000, slowly 
develops opalescence at room temperature with as iittlc as 
0.1% of sodium salicylate. Higher concentrations of sodium 
or eserine salicylate produce marked turbidity in_a few rnin- 
utes. Bromides and iodides may also form turbid solutions 
with bcnzallconium salts, depending upon concentration. 
The same solution (without salicylate) can be used to inake 
clear solutions of eserine hydrochloride. Further study is in 
progress. The need for this study was first brought to our 
attention hy P. G. Devine, U. S. Shea, and W. C. Clark of 
the Barnes-Hind Laboratories, Inc. 


which was derived by assuming that contributions 
to the freezing-point lowering from different solutes 
in a solution isotonic with blood serum are approxi- 
mately additive (i.e., ATf — Limi -f Ltmt = 3.44 TP/ 
58.45). In these equations, ATf represents the 
freezing-point lowering of a solution containing two 
solutes having vwlal freezing-point lowerings of Li 
and Li, and molal concentrations of tin and nn, 
respectively. This solution is isotonic with a solu- 
tion of sodium chloride (m = TP/58.45: L = 3.44) 
containing TP Gm. of salt per 1000 Gm. of water. 
Values of Li and Li for different substances, and the 
significance of these values, are given by Cioyan, 
Enright, and Wells (3). For the SjJrensen Buffer 
mixture containing 90 cc. of '/isHf NaHoPO* and 
10 cc. of •/liJlf NajHPCIi, nn = (0.9/15), Wj = 
(0.1/15), and Li and Li have the values 3.22 and, 
4.22, respectively. The osmotic equivalent tabu- 
lated for 100 cc. of this buffer mixture should be 
one-tenth of the value of TT-*, or 0.38 Gm. of sodium 
chloride. This is in complete agreement ivith the 
value given by Wells (4) and by Hind and Goyan (1), 
but to clarify this matter in the latter paper, the 
last column in Table V dealing with the Sprensen 
phosphate buffer might have been headed; "Osmo- 
tic Equivalent of Each Buffer Mixture Expressed 
as Grams of NaCl per 100 Cc. of Solution. (To 
render 100 cc. of solution isotonic, add an amount of 
NaCl equal to the difference between the tabulated 
value and 0.90 Gm.)" 

Conversely, values tabulated for the Palitzsch 
borate buffer in Table IV (1) under the heading, 
“Grams of Sodium Chloride per 100 Cc. to Render 
Isotonic,” represent weight of sodium chloride to be 
added to 100 cc. of the corresponding buffer solu- 
tions. These values were calculated by subtracting, 
from 0.90, one-tenth of the values calculated for IT'' 
by the use of the equation given above. In view of 
the complex equilibria involved, the molal freezing- 
point lowerings for boric acid and for borax were as- 
signed the values 2 and 7, respectively. 

In calculations of the type illustrated above, 
molal and molar concentrations may be used inter- 
changeably, and the computed weights of sodium 
chloride may be rounded off to one significant figme; 
greater accuracy is of no therapeutic significance. 
Other values given by Hind and Goyan may be 
rounded off to advantage. For example, a 0.2 M 
solution of boric acid, intended either for use with 
the Atkins and Pantin or the Gifford buffer, is 
properly made bj' dissolving 12.4 Gm. of boric acid 
in distilled water to make 1 L. of solution. 

As a matter of possible academic interest, but of 
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no therapeutic significance, it should be noted that 
the freezing-point depression calculated for "Buf- 
fer Solutions for Group 2 Drugs” (1) is 0.50°, cor- 
responding to an approximately 0.85% solution of 
sodium chloride. The value of 0.56° corresponds 
to a 0.95% solution of sodium chloride, a concentra- 
tion often assumed to be isotonic with blood serum. 
In the same table, the formula for disodium phos- 
phate is in error by the transposition of a subscript. 
Another typographical error of minor importance 


has been noted: the modified Palitzsch buffer is 
correctly given in Table IV (1), but the buffer range 
mentioned in the text (12 lines below the table) 
should have been given as pH 7 to 9. 
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A Note on the Synergism of the Central Nervous System Stimulants* 

By RAYMOND P. AHLQUIST 


'J'wo DRUGS with similar pharmacological actions 
when administered simultaneously often act 
synergistically. This synergism may take the form 
of a simple algebraic summation of responses or it 
may appear as a potentiated response. Most quan- 
titative studies of the synergism of centrally acting 
drugs have been done using the central depressants. 
The synergism between the convulsant action of 
morphine and Metrazol, picrotoxin, nikethamide, 
and strychnine has been reported by Hazleton and 
Koppanyi (1). 

A knowledge of the type of synergism exhibited 
by the central stimulants is of practical value when 
they are used therapeutically as analeptics. In 
treating barbiturate poisoning, for example, a num- 
ber of different stimulants may be used in the same 
patient (2). Since many of the stimulants are rela- 
tively long-acting it is possible that the presence of 
one may significantly influence the action of a sub- 
sequent stimulant. This study was undertaken to 

GRADATION OF INTENSITY OF 
STIMULANT ACTION 
Little observable effect. 

Hyperexcitability and tremors; ears erect; 
characteristic twitching of nose and ears. 
Metrazol aUd Strychnine: Posture char- 
acteristic; forelegs extended ; toes twitch- 
ing; urination frequent. Coramine: Clonic 
spasm of hind legs only. 

&vere clonic spasms of 10 to 30 seconds 
duration; opisthotonus common with 
Metrazol and Strychnine. 

Severe tonic spasms; death common with 
Strychnine. 

Fig. 1. — Gradation of intensity of stimulant action 
of metrazol, coramine, and strychnine sulfate when 
injected intravenously into rabbits. 


□ A 
^ B 



determine the type of synergism occurring between 
the central stimulants. 

Metrazol, nikethamide (Coramine), and strych- 
nine sulfate were the stimulants employed,* These 
were chosen because they are commonly used analep- 
tics and because clear, rapid convulsive responses 
can be obtained on intravenous administration to 
rabbits. Picrotoxin was not included in this pre- 
liminary study because of its delayed convulsive 
effect which makes it difficult to have its action ap- 
pear simultaneously with that of another stimulant. 
No detailed statistical treatment of data was at- 
tempted since it was felt that the results obtained 
were sufficiently clear-cut to render this unnecessary 
in establishing the general type of synergism present. 

METHOD 

The stimulant responses to various dosages and 
combinations of Metrazol, Coramine, and strychnine 
sulfate were determined in seventy albino rabbits of 
both sexes and iveighing from 1.5 to 2.5 Kg. The 
drugs were injected rapidly into the marginal ear 
vein in a volume ranging from 1 to 2 cc. This rapid 
injection of a small volume was especially important 
in the case of Coramine since it was found that if 
larger volumes were injected more slowly the con- 
vulsive response was markedly diminished. The 
stimulant responses were graded as to relative in- 
tensity as shown in Fig. 1. The animals were used 
in groups of ten and no group was used more than 
four times. Four to ten days were allowed between 
injections in any one group. In two groups the re- 
sponse to t he same dose of Metrazol was tested before 
and after the series of injections without any signi- 
ficant change in response being noted. All doses arc 
stated on a mg. per Kg. basis. 


• Received July 31, 1947, from the Department of Phar- 
macology, University of Georgia School of Medicine. Augusta. 

lYcsentcd to the Scientific Section, A. Pit. A., Milwaukee 
meeting, August. 1947. 

* The Metrazol and Coramine were kindly supplied by the 
Bilhubcr-Knoll Corp. and Ciba Pharmaceutical Products, 
Inc., respectively. 


RESULTS 

The close that would produce type D or E re- 
sponscs in about 50% of the animals tested was first 
determined for each drug. This dose will be referred 
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to as the CDta- Figure 2 shows the results ob- 
tained using increasing doses of Metrazol. It will 
be seen that the CDk for Metrazol is about 10 mg. 
The minimum effective dose (MED) was set as the 
dose that would produce type C, D, or E responses 
in one or two animals out of a group of ten. For 
Metrazol the MED was about 7 mg. The CDm for 
Coramine was found to be about 50 mg. and the 
MED about 35 mg. For strychnine sulfate the CDm 
svas found to be about 0.18 mg. and the MED about 
0.1 mg. These results agree reasonably well with 
those reported by Hazleton and Koppanyi (1). 

Since innumerable combinations of doses of these 
three drugs could be used it was necessary to limit 
this study to a determination of the CD-a of com- 
binations when given in equal ratio to their respec- 
tive CDm’s. Two combinations were tested; 
Metrazol-Coramine and Metrazol-strychnine sulfate. 
Starting with a mixture of 5 mg. of Metrazol and 
25 mg. of Coramine (50% of each CDm) the doses 
were increased as shown in Fig. 3 . It was found that 
a mixture of 7 mg. of Metrazol, and 35 mg. of Cor- 
amine (70% of each CDm) was the CDsa for this 
combination. It was also noted that the convulsions 
produced by this combination resembled those 
produced by Metrazol alone rather than those of 
Coramine. 

Treating the combination of Metrazol and strych- 
nine sulfate in the same way it was found that a 
mixture of 6 mg. of Metrazol and 0.1 mg. of strych- 
nine sulfate (60% of each CDso) produced type D or 

- METRAZOL 


ANIMALS 



MG. / kg. 

Fig. 2. — Stimulant responses to increasing doses 
of Metrazol. Gradation of response as shown in 
Fig. 1. 


METRAZOL METRAZOL 

CORAMINE , STRYCHNINE 

ANIMALS . 



Fig. 3. — Stimulant responses to combinations of 
Metrazol and Coramine, and Metrazol andstrychnine 
sulfate. Gradation of response as shown in Fig. 1. 


E responses in about 50% of the animals tested. 
These convulsions resembled those produced by 
strychnine sulfate alone. 

DISCUSSION 

The type of synergism occurring between these 
central stimulants is of the deficient additive type 
when tested on their convulsant actions. The de- 
ficiency is probably due to differences in points of 
action of these substances to produce the convul- 
sions. For example, strychnine acts primarily on 
the spinal cord whereas Metrazol acts only partially 
on this structure. Therefore only part of the con- 
vulsive effect of the Metrazol would add to the con- 
vulsive effect of the strychnine. Another interest- 
ing point is that in either combined CDm one of the 
drugs at least is present in a dosage equal to its 
MED. This again tends to show that the synergism 
is of the additive type rather than the potentiated 
type. 

Experimental work should be undertaken to study 
the synergism of the stimulants in the presence of a 
depressant. It may well be that a different type of 
synergism exists between the respiratory stimulating 
effects or the awakening effects of these analeptics. 

SUMMARY 

There is an additive synergism between the con- 
vulsant effects of the central stimulants Metrazol, 
Coramine, and strychnine sulfate when tested in rab- 
bits. 

REFERENCES 

(1) Hazleton, L. W., and Koppanyi, T., Anesthesiolop'^, 2. 
427(1941). 

(2) Billow, B. W.. J. Lah. Clin. MnL, 2P, 2r.5(l?l4 l). 



A Note on the Hypnotic Principle of Rauwoljia serpentina^ 

By J. C. GUPTA, SUDHAMOY GHOSH, A. T. DUTTA, and B. S. KAHALI 


Jn recent years considerable interest has been 

taken in the drug Raitwolfia serpentina Benth ex 
Kurz belonging to the family Apoc 5 maceae. The 
plant is fairly widely distributed in India, especially 
in the sub-Himalayan tracts and in the plains near 
the foot of the hills. The root of the plant has been 
used as a home remedy for inducing sleep in children 
and as a cure for insanity. Instances are known to 
us in which some types of insanity have been cured 
by the use of 40 doses of the root powder mixed with 
powdered black pepper, each dose consisting of one 
tola (about ll.G Gin.) of the root and 19 corns of the 
pepper, administered orally every alternate day. 

A number of workers have carried out the chemi- 
cal investigation of this drug. In India Siddiqui and 
Siddiqui (1) have isolated five crystalline alkaloids 
three of which— ajmaline, serpentine, and serpen- 
tinine — have been tested pharmacologically. Besides 
the alkaloids, the roots have been found to contain 
oleoresins, sterols, unsaturated alcohols, oleic acid, 
fumaric acid, glucose, sucrose, an oxyraethylanthra- 
quinone derivative, a fluorescent substance, and 
mineral salts (2-10). 

The presence of 1.21% to 1.36% of alkaloids in 
the root naturally diverted the attention of the 
earlier workers to the alkaloids, which were con- 
sidered as the only active principles responsible for 
the hypotensive and hypnotic actions. A stand- 
ardized alcoholic extract containing about 0.5% of 
alkaloids was therefore recommended by us for 
clinical trials, and this extract or tincture manu- 
factured by different commercial firms is used by 
the medical profession in India for the treatment of 
hyperpiesis and maniacal types of insanity. 

Experiments on frogs showed that the ajmaline 
group of alkaloids acts as a general depressant to the 
heart, resphation, and nerves, and the serpentine 
group of alkaloids paralyzes the respiration and de- 
presses the nerves, but stimulates the heart. Ex- 
periments on higher animals showed that both ajma- 
line and serpentine have a depressant effect on the 
central nervous system and produce a fall of blood 
pressure whereas serpentinine causes a rise. None 
of the alkaloids possessed any marked sedative ac- 
tion whereas the alcoholic extract possessed seda- 
tive or hypnotic properties, producing drowsiness, 
narcosis, and fall of rectal temperature. These ob- 
servations led us to look for the active principle 
responsible for the sedative action in the nonalkaloi- 
dal components of the drug, and our attention was 
specially focused on the oleorcsin. 

* Received Feb. 10, 1917, from the Department of Pharm- 
acology and Chemistry, Caiculatta School of Tropical Medi- 
cine, Calcutta, India. 


EXPERIMENTAL 

The alcohol-soluble extractives of samples from 
different sources varied widely, e.g., Bengal 4.32. 
Behar 5.01, Dehra Dun 7.50, and Assam 12.68%. 
Aqueous extracts of these alcohol-soluble extrac- 
tives removed all the alkaloids, and the oleoresins 
left behind were as follows: Bengal 1.14%, Behar 
1.25%, Dehra Dun 1.59% and Assam 1.88%. The 
oleoresins were carefully dried and extracted thor- 
oughly with petroleum ether (b. p. 35-00°) to re- 
move the oily fraction, which when tested pharma- 
cologically proved to have some irritant properties 
but no hypnotic action. The resin left behind was 
extracted with 95% alcohol, the soluble portion 
being found to be active while the insoluble portion 
was quite inactive. This purified resin, completely 
freed from alkaloids, water-soluble constituents, 
and oils, produced sedative and hypnotic effects in 
experimental animals such as cats, rabbits, guinea 
pigs, rats, and frogs. The sedative action com- 
mences about three to four hours after administra- 
tion and persists for more than twenty-four hours 
after administration. It does not cause a fall of 
blood pressure but stimulates the muscle of the in- 
testine and uterus. This action is produced im- 
mediately. The effective dose of the resin for cat 
and rats was 1 mg. per Kg. of body weight. The 
present pharmacological and chemical study was 
confined mainly to the purified total resin, and the 
action was found to differ quantitatively according 
to its source. Work on further fractionation of the 
resin is in progress. 

CONCLUSION 

The basic importance of the present findings ap- 
pears to be the fact that no resin other than that of 
Hemp has been recorded to possess such hypnotic 
or sedative properties, and an intensive chemical 
and pharmacological investigation will, we believe, 
prove to be a very fruitful line of research. 
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Cbolitie esters, the preparation and 
properties of the perchlorates of some. 
272 

Colorimetrio assay, photoelectric, for 
digitoxia by comparison with a stand- 
ard powder, 1 

Colorimetric determination of bismuth 
in pharmaceutical preparations and 
in biological material, 62 
Color reaction, a simple, for piperazine. 

Compound lOSO — sodium fiuoroacetate, 
notes on the pharmacology of, 59 
Cystine# proline, and isoleucine, micro- 
biological determination of, 345 
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Daemia extensa R. Br. I., chemical 
examination of, 250 

DDT. cblorosulfonic acid in the syn- 
thesis of, and its /^-halogen analogues, 
127 

Deso:^ephedriae, chemical differentia- 
tion of, from other sympathomi- 
metic amines, 301 
a review of the literature, 161 

D.H.E. 45, see Lysergic acid compounds 

DieJkylammoalfcyl ethers of stilbestrol 
and hexylresorcinol, the in vitro anti- 
bacterial action of, 78 

1 - Diediylamlno - 2 - {2,4.6 - trilodo- 
phenoxy) ethane hydrochloride, the 
preparation of, 372 

Digitalis, the assay of. V, The guinea- 
pig method, 363 

a study of the modified Knudson- 
Dresbach colorimetric evaluation 
of: extraction studies on digitalis, 
. .296 

DigitoxiD. a photoelectric colorimetric 
assay for, by comparison with a stand- 
ard powder, 1 

Dibydroergotamme (D.H.E. 45), see 
Lysergic acid compounds 

N-Pihydroxypropyl derivatives, the syn- 
thesis and study of some, 376 

Disinfectants, advisability of some pro- 
posed changes for the evaluation of, 
134 

Disulfide derivatives of the 4-hydroxy- 
phenyl radical, the synthesis of 
certain unsymmetrical, IV. Stud- 
ies in chemotherapy, 257 
of the 4-nitrophenyl and the 4-amino- 
phenyl radical, the synthesis of 
certain unsymmetrical, V. Studies 
in chemotherapy, 257 

Drug, Chinese, Yuan Chih, jPolygala 
tenuifolia, Willd., sapogenins of the. 
241 
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Ephedrine. the use of acetylatha in the 
quantitative separation of, from pro- 
caine, 373 

Ergot, report on a collaborative study 
of the assay of, 321 

Estradiol, a- and a modified Kober 
method for the determination of, 208 

Estrogens, chemical determination of 
synthetic. I. Basic data on the nitro- 
sophenol reaction, 379 

Excretion and absorption of the solid 
polyethylene glycols (“Carbowax” 
compounds), 162 
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Fatty acids and trimethyl cetyl am- 
monium pentacblorphenate (TCAP) 
as antifungal agents, 198 

Ferriheme, the effect of saccharin in- 
ge-stion on blood coagulation and the 
in vitro anticoagulant effect of sac- 
charin and, 225 

Fertilizers, influence of time of applica- 
tion of, on growth and alkaloidal con- 
tent of liyoscy^amus niger Linn., ISO 

Fritallaria Roylei, Pei-Mu, some minor 
alkaloids of, 215 

Fumflric acid, tartaric, oxalic, and maleic 
acfds. the comparative chronic tox- 
icities of, 217 
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Fungicidal compounds, and fungistatic, 
studies on alcohol-soluble. I. Evalu- 
ation of fungistatic laboratorj’ test 
methods, 283; II. 359 
Fungistatic compounds, see Fungicidal 
compounds^ 

Fusiform bacilli, studies with, I. The 
bactericidal action of oxygen-liberat- 
ing substances on oral microorgan- 
isms, 3S5 

G 

Gastric acidity, the time factor in neu- 
tralization of, I. A study of antacid 
buffers, 149 

Gels, thixotropic mineral, and their 
therapeutic possibilities, 402 
Germicidal action of some benzyl 
quaternary ammonium compounds 
having substituents in the aromatic 
nucleus, 353 

Germicides, profile evaluations of, 129 
Glass particles in ampules, an in vilro 
and tn vivo study of. 289 
Graphical calculator for bioassays, 305; 

for statistical analysis, 309 
Growth and alkaloidal content of 
Hyoscyamus niger Linn., influence of 
time of application of fertilizers on, 
180 

Guinea-pig method, V, The assay of 
digitalis, 3G3 

H 

Heparin, assay of. I. Method and 
qualitative and quantitative as- 
pects using beef and sheep plasmas, 
243 

comparative in vitro neutralization of, 
383 

He:^lresorcinol and stilbestrol, the in 
vitro antibacterial action of dialkyl- 
arainoalkyl ethers of, 78 
Hydrogen ion concentration and buffer 
systems, a new concept of the role of. 
in the preparation of ophthalmic solu' 
tions, 33; notes on, 413 
Hydrophilic properties of certain oint- 
ment base constituents, IQl 
Hydforyethyl cellulose, the chronic 
toxicity of, for rats, 335 
4-HydroxyphenyI radical, the synthesis 
of certain unsymmetrical disulfide 
derivatives of the, IV. Studies in 
chemotherapy, 257 

Hyoscyamus niger Linn., influence of 
time of application of fertilizers on 
growth and alkaloidal content of, 180 
Hypnotic principle of Rauwolfia serpen- 
tina, a note on the, 41G 
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lodimetric titrimetric determination of 
ascorbic acid, 170 

Iodine Research Award nominations 
requested, 358, 406 

Iodine solutions and tinctures, stability 
of, 203 

lodoadrenochrome and adrenochrome, 
an evaluation of, based on blood sugar 
level in rabbits, 253 

lodosulfophenylazo and iodocarboxy- 
phenylazo derivatives of l-amino-8- 
naphthol-2,4-disulfonic acid, synthesis 
of, 70 

Isoleucine, cystine, and proline, micro- 
biological determination of, 345 
Isopropyl alcohol, pharmaceutical appli- 
cations of. II. Solubilities of local 
anesthetics, 1C 

Itaconic acid and its sodium, magne- 
sium, and calcium salts, pharmacologj’ 
of, 173 
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tion of 
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Kober method, a modified, for the deter- 
mination of a- and ^-estradiol, 208 
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Laxative action of succinates in man, 56 
Light mineral oil, see Mineral oil 
Lipolytic activity of Pancreatin U. S. P., 
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Local anesthetics, see Anesthetics 
Lubricants in compressed tablet manu- 
facture, 407 

d-Lysergic acid-df-bydroxybutylamide- 
2, sec Lysergic acid compounds 
Lysergic acid compounds, further stud- 
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calcium salts of itaconic acid, 
pharmacology of, 173 ^ 
and sodium salts, a contribution to the 
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toxicities of, 217 
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critical investigation of the araylolytic 
activity of, 113 

Mercurial diuretic, potency and toxicity 
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mercuri - y - methoxypropyl) - 2- 
P3rridonc-5-carboxyIate, 139 
Mercury ointments, biologic assay of, 14 
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pounds 

Microbiological determination of pro- 
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camphor in solution with phenol in 
a high percentage of, 264 
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Neutralization, comparative in vitro, of 
heparin, 383 
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tion of, in rauUi-\dtamin tablets, 342 
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bacterial agent, 317 

4-lIitropheii^^ radical and the 4-amino- 
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Nitrosophenol reaction, basic data on 
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synthetic estrogens, 379 

O 
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Ointment base constituents, hydro- 
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Ointment bases, availability of peni- 
cillin from various, 211 
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the role of hydrogen ion concentration 
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Organic compounds, the study, testing, 
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a three-hour “physical development” 
cup-plate assay for, 65 
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tallographic properties of, 294 
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produced by, in rabbits, 23 
urinary excretion of, in rabbits, 19 
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cals 

Pentobarbital sodium anesthesia, the 
duration of, and thyroid function, 369 
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digitoxin by comparison with a stand- 
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mammalian uteri by a graded response 
method, 73 
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